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1.0 INTRODUCTION

MWH Americas, Inc. (MWH) was retained by the United States Coast Guard (USCG),
Civil Engineering Unit (CEU) Miami to perform a Remedial Investigation/Feasibility
Study (RI/FS) at the USCG facility, Old Base, St..Louis, Missouri, MWH’s effort
included performing a site inspection, site wide soil and groundwater assessment,
aboveground storage tank survey (AST), asbestos survey and transformer dielectric fluid
sampling and analysis. The asbestos survey was completed at the Industial Building,
Service Building, and Non-Appropriated Fund Activities (NAFA) Building at the facility.
The findings of asbestos survey were summarized in a separate report entitled Asbestos
Survey Report, USCG Old Ba@e St. Louis, March 2002 (MWH, 2002). This RI/FS Report
incorporates new information as well as information from previous environmental studies
of the site. This work was performed under MWH’s Contract No. DTCG83-99-D-
3CL038, Task Order No. 0538.

1.1  Project Purpose and Scope

The overall objective of the RI/FS is to obtain sufficient data regarding the nature and
extent of contamination at Old Base St. Louis to allow selection of a remedial strategy for
the site. The USCG is ‘considering a probable sale of the property. This RI/FS report was
completed to provide a summary of the remedial investigation results and present

potential remedial options for the facility. The investigation activities included:

« defining the extent of contamination in soil and groundwater;

+ determining the hydraulic properties of the site, including depth to groundwater,
eroundwater flow direction, and hydraulic conductivity; and

. developing feasible remedial alternatives by evaluating the fate and transport of

contaminants and measuring the effects of natural attenuation processes.

1.2 General Investigation Approach

The RI consisted of collecting soil samples from four soil borings and installing four

temporary wells for groundwater sampling. A total of eight borings/temporary wells was
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planned, but only four were installed due to site conditions. The location of the USCG

site is depicted in Figure 1-1.

One boring was located east of boring number 13, which was completed in 1992 during a
Phase II Environmental Evaluation. Three borings were completed to the north, east and
west of monitoring well MW-9, which was installed during the Phase II evaluation. Soil
and groundwater samples from these locations were analyzed for volatile organic
compounds (VOCs), total recoverable petroleum hydrocarbons (TRPH), and total metals.
Four borings were planned in locations around the hydraulic sump, which is located in
the southwest corner of the industrial building. However, these borings/wells were not

installed since no tank was present.

In addition to the four borings, nine existing groundwater monitoring wells, installed
during the Phase II Environmental Evaluation, were sampled. Groundwater samples
from these nine wells were analyzed for VOCs and natural attenuation parameters (i.e.,
nitrogen, sulfide, sulfate, nitrate, total organic carbon, alkalinity, iron, manganese, and
phosphorus). During the groundwater investigation, hydraulic conductivity tests were
performed in two of the existing Phase I monitoring wells and a potentiometric survey of
the groundwater wells was performed. The groundwater analytical results were
interpreted using fate and transport modeling (BIOCHLOR) to determine if natural
attenuation is occurring at Old Base St. Louis. The results of the fate and transport

modeling were used to refine remedial alternatives that are feasible for the site.

In conjunction with the RI/FS activities, two other tasks were completed. The first of
these tasks consisted of sampling oil from the on-site electrical transformer and analyzing
it for polychlorinated biphenyl (PCB) content. The second task consisted of draining the
hydraulic sump, located in the southwest corner of the industrial building, and properly

disposing of its contents off site.
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2.0  FACILITY BACKGROUND INFORMATION

2.1 Site Location

The USCG Old Base St. Louis, Missouri is located at Mile 173.6 on the West Bank of the
Upper Mississippi River in an urbanized, predonﬁnately industrial and commercial area.
Figure 2-1 shows the location of the base in relation to the surrounding area as depicted
on USGS Quadrangle Map. The facility comprises an area of approximately 4.43 acres,
measuring 345 feet along the western boundary, 600 feet on the southern boundary, and
457 feet along the northern side. The eastern boundary, measuring 372 feet long,
parallels the Mississippi River. The riverbank, at 418 feet above mean sea level (MSL),
is rip-rapped (EDP, 1991). The facility is bounded on the north by Alumax aluminum
metal fabricators, on the west by railroad tracks and a Southern Metals Processing facility
(scrap metal), and to the south by Brenntag, a specialty chemical
manufacturer/distributor.  Figure 2-2 depicts the layout of the USCG site and the

surrounding property.
2.2 Land Usage

2.2.1 CurrentLand Usage

Old Base St. Louis is currently an inactive facility, aside from the occasional inspection,
grounds maintenance, and nightly patrols by a security service. Ultilities, including
natural gas, water, and electricity have been taken out of service. The Base was closed in
1993 as a result of severe flooding of the Mississippi River. Prior to closure of the
facility, some of the Coast Guard duties performed there consisted of: stocking, issuing,
and shipping aids to navigation material; providing mooring facilities for Coast Guard
vessels; maintaining, repairing, and modifying boats, vehicles, engines, shore-based
machinery, and aids to navigation equipment; performing repair and modifications to
machinery and electronic equipment on Coast Guard vessels; supporting the District
Disaster Control Organization; and operating NAFA facilities. The buildings that

currently exist at the site consist of an industrial building on the north side of the
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property, a barracks facility to the east, and a boat storage shed, exchange club and

NAFA building to the south (see Figure 2-2).

Old Base St. Louis formerly contained two 8,000-gallon gasoline underground storage
tanks (USTs), one 300-gallon diesel UST, and one tank of unknown capacity under the
EM Club Building. The tanks have subsequently been removed. Previous investigations
of the property did not indicate adverse impacts as a result of tank operations. There are
presently two approximately 200-gallon petroleum ASTs located at the southeast corner

of the industrial building.

The site is located within a industrialized section of St. Louis. The site is located east of
a scrap yard that recycles aluminum and ferrous metals. The Missouri Pacific Railroad
tracks separate the Base from Southern Metal Processing’s scrap yard. North of the Base
is Alumax Foils (subsidiary of Alcoa), which manufactures aluminum-faced paper
insulating sheet, and smelts aluminum from the scrap yard west of the Base. A chemical
plant owned by Brenntag AG is located south of the Base and the Mississippi River is

east of the site (Figure 2-2).

In recent years several accidental spills have occurred at the Brenntag property causing
considerable groundwater contamination at the USCG Old Base St. Louis. There is no
chemical manufacturing on the Brenntag property.. A few products are blended prior to
shipment. Liquid chemicals handled at the site include acids, caustic, aromatic solvents,
ketones, and chlorinated solvents. Chemicals are stored at the Brenntag facility in AST
and in the warehouse in drums. There are no active UST or piping for products at the

facility (EDP, 1991). The layout of the Brenntag facility is also depicted in Figure 2-2.

2.2.2 Future Land Use

The USCG is attempting to excess the Old Base St. Louis property. Future uses of the

property are unknown at this time, but are likely to remain industrial.
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2.3 Site History

The USCG purchased the property in two separate declarations in 1941 and 1944, Prior
to this, a steel mill dating back to World War I previously occupied the property.
Between 1951 and 1953, most of the wartime buildings were replaced by the present
Industrial Building, and a large open Boat Storage Building. The facility, the title of
which was changed from Depot to Base in 1956, was first acquired to provide support for
many World War II naval vessels constructed on the Western River System. Since
World War 11, the station has been primarily involved in aids to navigation, logistics, and

industrial support.

The Industrial Building was constructed in 1933. It is approximately 22,500 square feet
(sq. ft) and was used to house the public works, electronics, shops, base office, shipping
and receiving, clothing lockers, and storage space. This building is presently scheduled
for asbestos abatement and demolition. The NAFA building was constructed in 1943, It
is approximately 2,500 sq. ft. In December 1963, the barracks building was destroyed by
fire and was replaced in 1965 by a 3,600 sq. ft, 50-man barracks-subsistence 'building‘
The boat shed is a galvinized steel prefabricated building built in 1951. The service club
was constructed in 1970 and is also a metal prefabricated building. In 1978, the base

operations and security building was constructed.

During the summer of 1993, the Old Base St. Louis was flooded by the Mississippi River
and was submerged under four feet of water. Due to the damage caused by the flood, a
decision was made to close the Base in late 1993. The Base has been inactive since its

closure.

2.4 Previous Investigations

In 1991 and 1992, Phase I and II Environmental Site Investigations were performed by
EDP Consultants (EDP) at Old Base St. Louis. These evaluations were performed to
assess the type, cxtent, magnitude, and possible origin of the contamination identified

during an investigation performed previously by ATEC Associates in March 1991.
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2.4.1 Phase I Environmental Evaluation

The Phase I Environmental Evaluation was conducted to assess the type of work
performed at the site and the type of materials stored on base. This phase of the
evaluation consisted of a site walk, file reviews, and personnel interviews. A Phase [

report was submitted to the USCG (EDP, 1991) and is summarized below.

A survey of the tanks previously and presently on site showed that, at the time of the
assessment, four USTs and one AST for the storage of fuel were in service. One 500-
gallon diesel UST was in service, two 8,000-gallon gasoline USTs were inactive, and a
2000-gallon diesel UST was removed in 1986. The AST on site was a 500-gallon
gasoline tank. Other materials found to be stored on site were small quantities of
polyvinyl chloride (PVC) cement, paints, paint remover, and insecticide spray. A paint
locker was used as storage for these chemicals. Any paint waste and paint residue was
allowed to evaporate from cans stored inside the locker. The remaining residue was
placed in a 55-gallon drum located in the hazardous waste storage building located at the
west end of the boat storage building. The other 55-gallon drums located in the
hazardous waste storage building contained oily bilge water from tugboats. The other
remaining storage of hazardous waste on site was an AST containing waste engine oil

collected during boat maintenance activities.

During the site walk, observations of the riverbank revealed a black stained seam that
extended across the entire bank. Small holes where observed in the concrete that
stabilizes the slope of the bank. From these small holes, streaks of residue could be seen
where seepage of a dark liquid had stained the concrete. Just south of the boom dock, a
dark liquid was secping from one of the holes. The liquid quickly sank and did not leave
an oily sheen on the surface. A sample collected from the leachate, which had a

chlorinated solvent odor, had an approximate pH between 11 and 12.
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File reviews were done to determine how the property was used prior to being owned by
the USCG. Studies of aerial photographs, title searches, and historical record searches
confirmed that the property was previously owned by the Mississippi Valley Iron

Company. Other evidence of previous property usage was not discovered.

A survey of the tanks located on the Chemtech Industries property (property now owned
by Brenntag AG) was performed. The tank locations, tank capacities, and types of
materials stored were determined. Several 250,000~ and 350,000-gallon ASTs were
located near the south perimeter of the base with about 30 smaller tanks, of 2,500- to
3,000-gallon capacity, located to the south of the larger tanks. The contents of the large
tanks are high pH materials, primarily caustic soda, sodium hydroxide (NaOH),
potassium carbonate (KNOs), and potassium hydroxide (KOH). The smaller tanks
contained a variety of solvents including acetone, benzene, toluene, trichloroethylene,
and xylene, some of which were detected in the soil boring collected by ATEC in March

1961,

The Phase I Evaluation indicated the possibility that offsite usage of hazardous materials
had affected the quality of the soil and groundwater at the USCG base. The Phase I
Evaluation also discussed the possibility that a five foot diameter underground pipe was
present under the site. EDP discovered this “possible migration pathway” reviewing St.
Louis City Hall Building Department records (EDP, 1991). A Phase II Environmental

Evaluation was conducted to evaluate possible offsite impacts to the site.

2.4.2 Phase II Environmental Evaluation

The Phase II Envirommental Evaluation was performed to assess the subsurface
conditions at the Base. At the time of the Phase II evaluation, the USTs identified during
the Phase I had been removed. The main driving factor for the Phase II was the leachate
seeping from the west bank of the Mississippi River. The Phase II investigation included

soil and groundwater sampling and analytical testing.
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During the investigation, a total of 17 soil borings were drilled and nine of the borings
were completed as permanent monitoring wells. The Phase II soil boring locations are
depicted in Appendix A. The analytical results from the Phase II investigation indicated
that elevated concentrations of petroleum and chlorinated solvent based compounds were
present in four soil borings, B-4, B-6, B-9, and B-16. The compounds included benzene,
2-butanone, dichloroethane isomers, dichlorobenzene isomers, ethylbenzene,
tetrachloroethene, toluene, and xylene. The VOCs detected in samples from B-4 and B-9
appeared to correspond with those compounds detected in the sample previously
collected by ATEC. Several other samples had detected concentrations of VOCs.
Residual concentrations of TRPH and benzene, toluene, ethylbenzene, and xylene
(BTEX) were detected in borings B-13 and B-15, which were completed at former UST
locations. However, it was concluded by EDP that the concentrations of BTEX detected
in these soil boring samples were not indicative of requiring further remediation. Tables

that present the Phase II soil data are presented in Appendix A.

Groundwater samples were collected from the nine monitoring wells installed during the
Phase II evaluation. Groundwater analytical results from the monitoring wells are
presented in Appendix B. Benzene was detected at concentrations exceeding the action
level in seven of nine wells. Toluene, ethylbenzene, and xylene were also detected in a
majority of the wells on site. From the data, it appéared that the BTEX was entering the
south side of the Base from two separate arcas of the Brenntag site. Other compounds
including acetone, dichloroethene isomers, trichloroethene, and dichlorobenzene isomers
were detected in most of the groundwater samples. Overall, the highest levels of
contaminants were detected in monitoring wells MW-4 and MW-9 which are located on
the south side of the base, adjacent to the Brenntag AG property. Based on the
groundwater results, there was sufficient evidence to suspect that a spill or series of spills
may have occurred at the tank car transfer point located near the southwest comer of the
site, at points along the aboveground transfer pipeline, and at the ASTs located on the

Brenntag property (EDP, 1992).

Remedial Investization/Feasibility Study USCG Old Base St. Louis
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EDP noted in the conclusion of the Phase II Report that several potential sources of
offsite contamination are present including the Mississippi Valley Iron Company and
ChemTech Industries (Brenntag). It was summarized in the cover letter to the Phase I
Report that the *low concentrations of hydrocarbons are not sufficient to have caused the

magnitude of the problem now known to exist at the site” (EDP, 1992).

2.5  Site Geology and Hydrogeology

Soil borings from previous investigations revealed a subsurface profile consisting
primarily of coarse granular fill overlying gray silt followed by limestone bedrock. The
fill is composed of slag, gravel, bricks, paving stones, and foundry sand. Trace amounts
of coal and glass were also noted in the fill. These fill deposits were repoited to be
porous (EDP, 1992). The fill thickness ranged from 0 to 32 feet below ground surface

gs) with depths increasing to the east toward the Mississippi River (EDP, 1992).

Below the fill at an approximate depth of 25 feet bgs is a layer of gray silt which was
deposited in the floodplain of the Mississippi River. The silt thickness ranges from 5 to
10 feet, and overlies the St. Louis Limestone, the uppermost local bedrock unit. Wells
were installed at depths above this layer because it was suspected that the silt would not
yield sufficient water (EDP, 1992). Bedrock at the site slopes down from northwest to
southeast across the site. The bedrock ranges from an approximate elevation of 393.8
feet above MSL at the northwest corner of the site to 384.6 feet at the southeast comer of
the site. The average depth to the bedrock across the site is about 32 feet bgs. The
bedrock topography was contoured in the Phase II Investigation (EDP, 1992). This
contour map is included in Appendix A. A slight depression is apparént in the vicinity
of MW-11. The bedrock topography may exert control on the groundwater flow and

transport of contaminants.

A review of the Phase I and II data and data from the RI/FS suggest that there may be
differing hydrogeological zones at the site. As noted above, the silt layer is a relatively

low permeability layer. The aquifer slug testing data collected at the site yielded
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relatively high values for hydraulic conductivity. Thus, there is inferential evidence of
differing hydraulic conductivity due to a differing aquifer matrix. This is also suggested
from an evaluation of the water levels collected at the site, where there is a drastic

difference in depths to water.

Groundwater flow at Old Base was found to be in the easterly direction toward the
Mississippi River. Bedrock slopes to the east and southeast toward the Mississippi River.
Groundwater flows through the upper fill, above the silt that overlies the bedrock. The
silt and clay that overlies the bedrock along the floodplain of the river acts as a lower
confining layer. Cross-sections and soil boring logs of the area prepared by EDP

Consultants during their 1992 Phase II Site Investigation are provided in Appendix A.

Groundwater surface elevations were measured during the MWH Remedial Investigation
(RI) on February 18, 2002. Table 2-1 presents the summary of the February 2002
groundwater measurements for the USCG site. During this same period Arcadis
Geraghty and Miller (Arcadis) was performing quarterly groundwater sampling at the
Brenntag facility. As per the request of MWH, Arcadis supplied copies of the Brenntag
analytical results and groundwater elevation data. While not the typical approach, these
groundwater elevation data were combined with Old Base St. Louis data to estimate
potentiometric groundwater surface elevation during this period. Appendix C provides a
summary of the groundwater efevations collected by Arcadis. Figure 2-3 depicts the
estimated groundwater potentiometric surface clevation as measured in on-site (Phase II)
wells on February 18, 2002. As can be seen in Figure 2-3, groundwater flow is in a
northeastern direction, towards the Mississippi River. A potentiometric surface map was
also prepared from compiled water levels from the USCG (MWH, February 2002) and
the Brenntag site data (Arcadis, February 2002). This is presented as Figure 2-4. An
cstimated hydraulic gradient of 0.02 was calculated from the Potentiometric Surface Map
(Figure 2-4). The hydraulic gradient was calculated from groundwater levels between

MW-6 and MW-10. The groundwater flow dircction and hydraulic gradient compare to
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data collected by Arcadis. Groundwater elevation data and analytical results from

Arcadis are presented in Appendix C.

Remedial Investization/Feasibility Study USCG Old Base St. Louis
I




3.0 REMEDIAL INVESTIGATION SAMPLING ACTIVITES

In February 2002, a RUFS was performed at Old Base St. Louis by MWH. The RI/FS
involved collecting soil and groundwater samples from four locations (soil
borings/temporary wells) at the USCG property, collecting groundwater samples from the
nine existing Phase II monitoring wells at the site, performing hydraulic conductivity
tests in two of these Phase II monitoring wells, and completing a potentiometric survey of
the Phase II groundwater wells at the Base. In addition to the RI activities, the oil from
the electrical transformer on site was sampled and analyzed for PCBs and the suspected
hydraulic sump on site was scoped to be emptied of its contents and properly disposed of
at an off site location. This was not pei‘fonned since a sump containing a hydraulic tank

was not present.
3.1 Soil and Groundwater Investigation

3.1.1 Soil Borings and Temporary Well Installation.

Initially, eight soil borings were to be completed at Old Base St. Louis using direct push
techniques as outlined in the Site Work Plan (MWH, 2002). However, the borings were
completed using hollow-stem-auger (HSA) techniques, because direct push techniques
were not effective for the geological conditions at the site.. Per the initial Scope of Work,
one boring was to be located east of boring number 13, completed in 1992 during a Phase
Il Environmental Evaluation. Three borings were scoped to. be completed to the north,
east and west of monitoring well MW-9, which had been installed dﬁn’ng the Phase 1I
evaluation. These three bon'ngs were installed during the RI. The last four borings were
to be completed around the hydraulic sump located in the southwest comer of the
industrial building. These four borings were not installed during the RI since a sump

containing a hydraulic tank was not present.

The DP-4 soil boring was completed using a 6.25-in outer diameter HSA east of boring-
Number 3. The remaining three soil borings were completed in the specified locations
around MW-9. The location of the soil borings/temporary wells is depicted in Figure 3-1.

Remedial Investigation/Feasibility Study USCG Old Base St. Louis
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The soil samples were collected with a 2-foot split-spoon sampler that was advanced into
the soil through the HSA. The sampler was advanced in five-foot intervals until the
- apparent saturated zone was reached. Soils were screened with a photoionization
detector (PID) and placed in the appropriate clean, labeled, laboratory-supplied container
in accordance to the methods described in the Site Work Plan (MWH, 2001). Soil
samples were analyzed for VOCs, TRPHs, total metals, and pH. A summary of the RI
soil analytical data is presented in Table 3-1. The laboratory soil analytical reports are

presented in Appendix D.

Once the soil borings were advanced to the proper depth, temporary wells were installed
through the HSAs. The temporary well was constructed of 1-inch inside diameter, flush-
threaded, Schedule 40 PVC, completed with a 10-foot section of screen. After
installation, the temporary well was developed prior to sampling. Groundwater samples
were collected from the temporary well using -dispos?ble bailers. The groundwater
samples were placed directly into laboratory-supplied containers and immediately placed
in a cooler containing ice. Care was exercised when obtaining the VOC samples to
ensure no headspace existed in the sample containers. The temporary well screen and
casing was removed at the completion of field activities and the boreliole abandoned in

accordance with Missour: Well Construction Rules.

Three soil borings, DP-1 through DP-3, were advanced to the north, east and west of
MW-9 using the same drilling and installation techniques described above. However, no
soil or groundwater samples were collected for DP-1, as an obstruction was hit at an
approximate depth of 8 feet bgs in DP-1. Because of the poor soil recovery from the
split-spoon sampler and the refusal of the HSAs, no soil samples could be collected. An
offset from this location was attempted, but refusal was again encountered at

approximately 10 feet bgs.
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Four additional soil borings were to be completed around the hydraulic sump located in
the southwest corner of the industrial bujlding. During the initial site walk, an
assessment of the sump area was performed. Due to the location of the sump and the
Industrial Building, the soil borings were to be located upgradient of the sump, which
would provide limited information on the effects of the sump on the soil and groundwater
conditions surrounding the sump. Also, the sump was empty and appeared to be
connected to the air conditioning condensate piping system as oppdsed to being a
hydraulic sump. Based on these observations, the sump did not appear to be a threat of -
contamination to the soil or groundwater at the site. Therefore a decision was made to

eliminate the four soil borings surrounding the sump.

The locations of the soil borings, DP-1 through DP-4, are presented on Figure 3-1.
Appendix E contains Boring Logs, Well Constiuction Diagrams, and Well Development

Logs for these borings/temporary wells.

3.1.2 Groundwater Monitoring Well Sampling

During the Phase II Environmental Evaluation, nine groundwater wells were installed.
As part of the groundwater portion of the RI, the nine (Phase II) monitoring wells were
. sampled for VOCs and natural attenuation parameters. The natural attenuation
parameters included permanent gases, metabolic acids, and metals/hutrients. The Phase
II wells were gaunged with an oil/water interface probe prior to sampling. Each
monitoring well was then purged. Purging was accomplished by removing groundwater
from the monitoring wells using a dedicated bailer. Purging was carried out until either,
the water quality parameters including pH, temperature, conductivity, and turbidity
stabilized and at least three well volumes had been removed, or the well was pumped dry.
Following purgiing, groundwater samples were collected using the same disposable bailer
used during purging. FEach sample was placed in laboratory-supplied containers.
Groundwater sampling logs are provided in Appendix F. The laboratory groundwater

analytical data reports are presented in Appendix G.
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3.1.3 In-Situ Hydraulic Conductivity Tests

The RI included determining the hydraulic properties of the upper aquifer at Old Base St.
Louis. Hydraulic conductivity tests were performed in two of the existing wells, MW-4
and MW-11. The tests were performed using the methodology described in the Site
Work Plan (MWH, 2002). A 5-ft stainless steel slug tool ‘was used to displace water and
an In-situ Hermit 2000 Datalogger and pressure transducer were used to record time and
drawdown measurements. Static water level at the start of the slug-in test was set as the
reference point. The displaced volume of the slug tool waas approximately 0.3125
gallons. The slug-in tests corréspond to a falling head test and the slug-out tests to a
rising head test. Hydraulic conductivity and transmissivity for each well was estimated
using the Bower and Rice method. The raw data and the Bower and Rice time vs.
.drawdown graphs are presented in Appendix G. The calculated hydraulic conductivity

for each well is sumimarized below.

Well ID Hydraulic Conductivity Hydraulic Conductivity Transmissivity
Foot/sec cm/sec gal/dayffoot
Rising Head Test
MW-4 4.77E-03 1.46E-01 92,560
MW-11 1.97E-03 6.00E-02 ‘ 38,185
Falling Head Test
MW-4 3.31E-03 1.01E-01 64,095.
MW-11 3.33E-03 1.01E-01 64,508

3.2 HYDRAULIC SUMP AND TRANSFORMER SAMPLING

As discussed in section 4.1.1, the hydraulic sump was empty and was observed to be a
part of the air conditioning system rather than a hydraulic sump. Therefore, there was no

need to pump out the contents of the sump.

A General Electric Energy Services technician was subcontracted to collect the

transformer sample. The technician collected the sample in laboratory-supplied bottles
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and submitted the samples for analysis. The results of this sampling are summarized in

Table 3-2

3.3 SURVEYING

A survey of the existing onsite wells was conducted by MWH on February 28, 2002. The
results of the survey are summarized in Table 3-3. The wells were referenced to a USGS
benchmark, located at the northwest corner of the site, The benchmark was marked as.

42278 feet NGVD.
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4.0 REMEDIAL INV ESTIGATION RESULTS AND DISCUSSION

4.1  SOIL ANALYTICAL RESULTS

Various VOCs, TRPHs, and metals were detected in the temporary well soil samples
collected during the MWH RI/FS. A summary of the RI soil analytical results is
presented in Table 3-1. Each bold entry on Table 3-1 indicates that the analyte is
detected above the detection limit. The VOCs detected included: benzene, n-
butlybenzene, chlorobenzene, 1,4-dichlorobenzene, ecthylbenzene, isopropylbenzene,
naphthalene, n-propylbenzene, tetrachloroethene (PCE), toluene, trichloroethene (TCE),
1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, and total xylenes. The maximum
detected compound in soil was 1,24-trimethylbenzene at a concentration of 677,000
ng/kg in DP-2 from the 20-22 foot bgs interval. The maximum naphthalene detected in
soil was 492,000 pg/kg in DP-2 from the 20-22 foot bgs interval. The maximum detected

total xylene was 638,000 pg/kg in DP-3 from 20-22 ft bgs.

Gasoline Range Organics (GRO) and Diesel Range Organics (DRO) were detected in soil
borings DP-2 and DP-3. GRO results ranged from non-detect to 2,290,000 pg/kg in DP-
3 at the 20-22 ft bgs interval. DRO results ranged from non-detect to 3,760,000 ug/kg in
soil boring DP-3 at the 20-22 ft bgs interval. Only DRO was detected in soil boring DP-4
at the 4 to 6 foot interval at a concentration of 18,800 pg/kg. Metals detected in soil
samples included arsenic, barium, cadmium, chromium, lead, and selenium. The range of
pH for the soil samples was 6.2 to 12.2. Most of the pH results are on the basic side
(greater than 8.0). The maximum detected soil pH was 11.7 in soil boring DP-2 in the
25-27 foot bgs interval. The maximum detected soil pH of 12.2 in soil boring DP-3 in
the 25-27 foot bgs interval. The maximum detected soil pH was 8.9 in soil boring DP-4
in both the 2-4 and the 6-8 foot bgs intervals. The high pH levels likely correspond to the

caustic soda release by Brenntag.
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For comparative purposes, the soil data was compared to Cleanup Levels for Missouri
(CALM) Tier I Soil Cleanup Standards. The CALM soil standard and soil analytical
results are presented on Table 3-1. A non-residential scenario (Scenario C) was chosen
as a screening criteria.  Using the CALM screening criteria, the following analytes

exceeded criteria:

SAMPLE ANALYTE CALM CRITERIA RESULT
DP-2 naphthalene 240,000 492,000
20-22 ft bgs 1,2,4-trimethylbenzene 76,000 677,000
total xylenes 418,000 610,000
DP-3 naphthalene 240,000 369,000
20-22 ft bgs 1,2,4-trimethylbenzene 76,000 510,000
. total xylenes 418,000 _ 658,000

4.2 INVESTICATION—DERIVED WASTE ANALYTICAL RESULTS

The RI generated three drums of soil Investigation-Derived Waste (IDW) and three
drums of liquid IDW. Grab samples of solid IDW were collected from the three soil
drums and analyzed for toxicity characteristic leaching procedure (TCLP) VOCs, TCLP
SVOCs, and TCLP Metals. A summary of the analytical results is provided in Table 4-1.
The solid IDW had detectable con.centrations, in micrograms per liter (ug/L), of
chlorobenzene (30), chloroform (20), PCE (80), and TCE (40) and (80). Barium was the
only metal detected in the IDW sample DP-4 at a concentration of 1,000 ug/L.

The groundwater analytical results were used to characterize the liquid IDW.
Groundwater analytical data indicate that there were detectable VOCs above Missoouri
Water Quality Standards (MWQS). Based the detection of VOCs in grouudﬁater and
VOCs and barium in soil, MWH recommends disposing of the six IDW drums to an

appropriate offsite facility. The IDW disposal manifest is provided as Appendix H.
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43 GROUNDWATER ANALYTICAL RESULTS

4.3.1 Existing Groundwater Well Analytical Results

The nine on-site (Phase II) monitoring wells were sampled by MWH on February 21,
2002. These samples were submitted to Test America, located in Nashville, Tennessee
and analyzed for VOCs and metals. In addition, groundwater samples were also
submitted to Keystone Laboratories, located in Newton, Iowa and analyzed for natural
attenuation parameters. Table 4-2 summarizes the groundwater analytical results from
the February 2002 groundwater sampling event. The VOCs detected MWQS included:
vinyl chloride, methylene chloride, cis-1,2-dichloroethene, benzene, TCE, toluene, PCE,
chlorobenzene, ethylbenzene, total xylenes, 1,2-dichlorobenzene, and naphthalene.
These compounds were detected in -MW-9, which is located closest to the property
boundary. Benzene was detected, in pg/L, in MW-4 (231), MW-6 (30.0), MW-7 (67.8),
MW-9 (570), MW-10 (56.6), and MW-12 (58.0). PCE, in ug/L, was detected in MW-9
(968) and in MW-11 (14.0). Cis-1,2-dichloroethene, in ng/L, was detected in MW-4
(12,500), MW-7 (136) and MW-9 (4,000). Vinyl chloride, in pg/L, was detected in MW-
4 (1,900), MW-7 (23.2), MW-9 (188), MW-10 (2.9) and MW-12 (2.9).

4.3.2 Temporary Well Analytical Results

The temporary well groundwater analytical results are summarized in Table 4-3. The
VOCs detected above MWQS included: benzene, chlorobenzene, 1,2-dichloroethane, cis-
1,2-dichloroethene, ethylbenzene, methylene chloride, naphthalene, PCE, toluene, TCE,
vinyl chloride, and total xylenes. The breakdown products (e.g., vinyl chloride and cis-
1,2-dichloroethene) of PCE via reductive declorination are present in DP-2 and DP-3.
Benzene was detected in DP-2, DP-3 and DP-4 at concentrations of 772 pg/L, 436 ug/L,
and 0.69J ug/L respectively, Cis-1,2-dichloroethene was detected in DP-2, DP-3 and
DP-4 at concentrations of 842 pg/L, 2,100 ug/L and 16.4 pg/L respectively.
Ethylbenzene was detected in DP-2, DP-3 and DP-4 at concentrations of 2,220 pg/L,

3,960 ug/L, and 4 nug/L, respectively. Naphthalene was detected in DP-2, DP-3 and DP-4

at concentrations of 3,220 B ug/L, 4,480 B ng/L, and 15.1 B ug/L, respectively.
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4.3.3 Transformer Analytical Results

The results of the transformer sampling are provided in Appendix I. The analytical
results of the transformer sample are summarized in Table 3-2. The PCB found in the
sample was 87 part pLer million (ppm). This value is greater than the regulatory definition
of 50 ppm. The Federal Register, Vol. 44 No. 106, May 31, 1979, defined a PCB
contaminated transformer as one containing 50 pp,m. to 500 ppm PCB. Methane and
ethane were present in the transformer sample at levels above IEEE limits. These IEEE

limits are related to the servicability of the transformer.

4.4 Aquifer Testing and Data Reduction

The aquifer testing data was reduced using equations derived by Bower and Rice. The
procedwres for conducting thé tests are discussed in Section 3.1.3. The estimated
hydraulic conductivity from the rising head aquifer test for MW-4 was 1.45 x 10"
centimeters per second (cm/sec) and.6-.00_x 10" co/sec for MW-11, The falling head
aquifer test yielded similar results of 1.00 x 10" em/sec for MW-4 and 1.01 x 107 em/sec

for MW-11.

These hydraulic conductivity values are relatively high aind in the range of well-sorted
sands or well-sorted gravel. The upper fill coarse fill material underlying the site may

contribute to these relatively fast values for the hydraulic conductivity.

4.5 Soil and Groundwater Summary

Figures 4-1 depicts a BTEX plume with a source area outside of the USCG property

‘boundary., The BTEX plume measures 320 teet long by 270 feet wide. .{Thg_spp_rcc well .

of the BTEX plume 'appears to originate from;’Brénntag’-sr-l\'ﬁ?\’-lé The BTEX plume is
restricted at USCG MW-8 and USCG MW-10. The plume bends around USCG MW-8
and USCG MW-10 towards USCG MW-7 and USCG MW-4,
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Figure 4-2 depicts a chlorinated solvent pl‘ume approximately 320 feet long by 360 feet

. \;d wide.__ T‘he chlorinated solvent plume appears to have a’sou“r_c"é”ﬁ:éa located atff@f}]ﬂtf_gsa
LNIWE The plume geometry is configured in the same shape as the BTEX plume, with a
bend at USGC wells MW-8 and MW-10. As discussed in Section 2.3, the slope of the
bedrock at USCG MW-11 may be contributing to the shape of the BTEX and chlorinated

solvent plumes.

Zy/ Both the BTEX and chlorinated solvent plumes have source areas outside of the USCG
property boundary. This is a significant factor in the following two sections of the report

which discuss the fate and transport of chemicals of concern and remedial strategies.
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5.0 FATE AND TRANSPORT MODELING

Natural attenuation generally describes a range of physical and biclogical processes
which, unaided by deliberate human intervention, reduce the concentration, toxicity, or
mobility of chemical or radioactive contaminants. These processes take place whether or

not other active clean-up measures are in place.

The plume maps presented in Figures 4-1 and 4-2 show both hydrocarbon (Total BTEX)
plumés and total chlorinated solvent plumes,' respectively.- These figures utilize data
collected from both MWH during the RI/FS and Arcadis (Brenntag). Fate and transport
modeling was conducted for chlorinated VOCs since they are more recalcitrant to
remediation. Most of the remedial technologies discussed in the following Section 6.0
will treat the chlorinated solvents in groundwater and provide substantial reduction of
hydrocarbon compounds. Selected groundwater analytical results were input into the
BIOCHLOR model. This fate and transport model is a screening-level simulation of
natura] attenuation of chlorinated compounds via reductive dechlorination. In reductive
dechlorination, the chlorinated hydrocarbon is used as an electron acceptor, not as a
source of carbon, and a chlorine atom is removed and replaced with a hydrogen atom
(USEPA, 1998). Preliminary site data were entered into the USEPA screening protocol
and it indicated that the aquifer characteristics are adequate for monitored natural
attenuation (MNA) at the site. Not all of the geochemical parameters necessary for the
protocol were analyzed, so not every natural attenuation protocol could be put into the
preliminary screening protocol for natural attenuation. Nonetheless, the preliminary data
yielded a score of 10, indicative of adequate evidence of biodegradation of chlorinated

organics.

The typical pathway for the breakdown of PCE is as follows: PCE — TCE — DCE —
Ethene. This is graphically illustrated in Figure 3-1. BIOCHLOR incorporates
concentrations of these compounds for modeling. Further, the following hydrogeologic

data were used:

Remedial ITnvestication/Feasibility Study LUSCG Old Base St. Louis




INPUT PARAMETER VALUE USED
Effective Porosity (n) 0.30 '
Hydraulic Conductivity (K) ' 6% 107 ci/sec
Hydraulic Gradient (i) 0.02

Bulk Density 1.7 kg/L
Fractional Organic Carbon (foc) 0.002

Plume length 455 feet

Plume Width ' -| 280 feet
Thickness of Saturated Zone : 10 feet

Source Well _ Brenntag MW.-2

The relatively high hydraulic conductivity of the soils (6x107 cm/sec) skews the
BICCHLOR results in terms of plume length. The BIOCHLOR MODEL using the input
of 6 x 107 is depicted in Figure 5-2. When the chlorinated compounds are graphed, there
is no decrease in concentration as a function of distance from the source. Whereas
groundwater analytical results show a plume that diminishes before reaching the
Mississippi River, BIOCHLOR indicates only minor reduction in chlorinated compound
- concentration at the River. Thus, significant decrease of chlorinated compounds does not
occur before reaching . the Mississippi River. Sensitivity analysis of the model and
comparison with field data suggest that hydraulic conductivity may be closer to 10° or

10 cm/sec. It is recommended to conduct further aquifer slug testing at the site.

The sensitivity analysis revealed that the hydraulic conductivity data may be closer to
107 or 10 em/sec, so a value of 8 x 10 was input into the BIOCHLOR model. Figure
5-3 depicts decreasing concentrations of the chlorinated compounds as a function of
distance from the source. The results of the BIOCHLOR modeling suggest that more
-accurate aquifer testing information is necessary. The model predicts slight reductions
due to biodegredation, but the hydrogeolo'gy of the site and distance to the source areas

result in the plume reaching the Mississippi River before substantial biodegredation.

In addition to chlorinated compounds, groundiwater analytical results exceed the MWQS

for BTEX as well. Biodegradation of fuel hydrocarbons, especially BTEX, is mainly
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limited by electron aceeptor availability and generally will proceed until all of the

contaminants biochemically accessible to the microbes - are destroyed (EPA, 1998).

Further data collection and BIOSCREEN modeling of fuel-related BTEX contaminants
will help to refine possible MNA strategies for the site. Groundsater samples, especially
those at the Brenntag site, should be collected and analyzed for dissolved oxygen, nitrate,
iron (I1), sulfate, sulfide, methane, ORP, carbon dioxide, alkalinity, hydrogen, chloride,

and total organic carbon. This will further refine the accuracy of the model.
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6.0 REMEDIAL OPTION EVALUATION

This section discusses the development and screening of remedial action -alternatives.
The dbjective of developing altcrnatives is to assemble a collection of feasible remedial
actions to address current site conditions. Several key features should be considered
during the selection of remedial measures. These include:

- Source confrol actions to address the principle threat waste wherever practicable, and

engineering controls, such as containment, for products that pose a relatively low
long-term threat.

» Contaminated groundwaters should be returned to their beneficial use wherever

practicable, within a time frame that is reasonable given the particular circumstances
of the site.  When restoration is not practicable, Environmental Protection Agency
(EPA) expects to prevent further migration of the plume, prevent exposure to the
contaminated groundwater, and evaluate further risk reduction.

. Contaminated soil should be remediated to achieve an acceptable level of risk to
human and environmental receptors (OSWER Directive 9200.4-17).

The plumes depicted in Figures 4-1 and 4-2 show migrating plumes of BTEX and
chlorinated compounds with source areas south of the USCG property and outside of the
property boundary. The concentration of BTEX, PCE, and TCE can be expected to
migrate east and southeast towards the Mississippi River based on potentiometric data.
The groundwater level in this region fluctuates according the river levels. In addition, the
groundwater flow direction may pertodically shift with the stages of the Mississippi

River. Further monitoring would be necessary to confinm this.

Based on historical data and current site conditions, four remedial alternatives were
asse'mb]c.d for source reduction and five remedial alternatives were assembled for
perimeter remediation technologies. The remedial options avaitable to the USCG are
summarized in Table 6-1. A combination of source reduction and perimeter remediation
technologies will be required to cffectively reduce the range and concentrations of the

compounds impacting the groundwater.

VJSCG Qldl Base St. Louis
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6.1 SOURCE AREA REMEDIATION

The data collected in the Phase I and If ESA and in the RI support evidence that the.

source area of chlorinated VOCs is offsite. Thus, the USCG will have limited suecess in
implementing and achieving Source Area Remediation. Alternatives for Source Arca
Remediation are provided in Section 6.1 as.a reference guide for source area reimedial

technology.

6.1.1 Alternative 1;: No Action

Alternative 1 consists of performing no remedial action for the USCG property. This
alternative is the baseline condition assuming that no further remedial measures would be
implemented at the site. This alternative does not meet remedial action objectives since
the groundwater concentrations exceed current regulatory guidelines.  Additional

remedial actions will be required.

-6.1.2  Alternative 2: Treated Water Injection/Amended Water Injection

Alternative 2 consists of installing wells and submersible pumps to collect impacted
groundwater and pump it through a treatment system consisting of an oil water separator
(if required), an air stripper, and thermal/carbon treatment for vapors (if 1'eﬁUired). The
treated water from the air stripper is injected back into the ground to create a flushing
effect. . The flushing effect may enhance removal of additional dissolved and lightly
adsorbed VOCs. Dissolved oxygen will help remove aerobically biodegradable
contaminants. This alternative could requife a lengthy time period and may eliminate the
anaerobic mechanisms that are degrading highly chlorinated compounds. This alternative

may require additional permitting from regulatory agencies,

6.1.3  Alternative 3: Amended Water Injection

Alternative 3 consists of amended water injection. The amended water injection is the
same process as the treated water injection with the addition of inorganic nutrients. The

increase in dissolved oxygen will help reduce aerobically biodegradable contaminants.

Remedial Investication/Feasibility Study USCG Old Basc St. Louis




The nutrients can cause a limited amount of chemical oxidation to occur. The chemical
oxidation is capable of degrading chlorinated and non-chlorinated compounds. Increased
fouling of wells and equipment can occur with the addition of inorganic nutrients

requiring additional monitoring and maintenance.

6.1.4 Alternative 4: In Situ Chemical Oxidation

Alternative 4 consists of injecting Fenton’s reagent'into the saturated zonec to create free
radicals or permanganate, which transforms and breiks dowr ¢ontaminants. The typical
Fenton’s reagants are hydrogen peroxide plus ferrous sulfate. Permanganate and sulfate
can also be injected to complete chemical oxidation. Chemical oxidation creates a rapid
destruction of contaminants, including free-phased contaminants. Results are usually
achieved after a few injections. Increased groundwater temperature due to the reaction,
can impact natural atténudtion mechanisms. Also, high pressure due to off-gases can
cause uncontrolled reactions.  Since the groundwa-ter pH is 7, acidification of

groundwater may not be required for this site.

6.1.5 Alternative 5: Hydrogen Release Compound

Alternative 5 consists of injecting; polylactate ester into the subsurface that hydrolyzes to
release lactic acid and hydrogen fostering reductive dechlorination. The slow release
nature of the hydrogen prompts. efficient reductive dechlorination. This technology
creates anaerobic zones during the dechlorination process. This technology is only
applicable for the saturated Zones. Multiple injections may be necessary to reduce the
contaminants to acceptable regulatory levels. The dechlorination process may create by-
products that include cis-1,2 dichloroethene and vinyl chloride. These by-products will

require an aerobic enviromment to degrade.

0.2 PLUME PERIMETER REMEDIATION TECHNOLOGIES

Plume Perimeter Technologies may be options to consider at the USCG site since source
area remediation is not implementable. The following sections discuss potentially viable

alternatives.
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6.2.1 Alternative I: Barrier Wall

Alternative 1 requires (he emplacement of reactive media, such as iron filings, into a

trench transecting the plumes. This approach may effectively treat contaminants passing

through the wall, thereby decreases migration of source contaminants offsite, or

decreasing coiitaminants migrating to. the USCG property: An added benefit is that the

media lifetime is permanent and requires little maintenance. Cost of the trench can be
large depending on the desired depths and léngths required. Maintenance fo remove scale

would. probably be required.

0.2.2  Alternative 2: Biosparging in Wells

Alternative 2 includes the injection of air into the saturated zones using existing
monitoring wells to increase dissolved oxygen for biodegradation of BTEX, vinyl
chloride, and cis-1,2-dichloroethene. The biosparging creates an acrobic environment for
better biodegradation of aerobically degradable VOCs. Depending on the required
pressures and flow rates this technology can be utilized in free-phase arcas. Caution must
be undertaken to prevent migration of free-phase constituents to offsite areas. This
technology is not as. feasible in low permeability zones. The technology will not treat
anaerobically degradable contaminants. This technology requires an onsite system to

mject the air will require eperations and maintenance:.

6.2.3  Alternative 3: Air Sparging into a Trench

Alternative 3'is similar to Alternative 2 except the air is injected into a trench instead of
injecting through wells. The trench configuration creates an air curtain and increases
dissolved oxygen. The trench operation helps to prevent offsite migration and can be
used through Jow permeability zones to cut off any VOC migration through these areas,
The cost of installing an air sparging trench is directly related to depth and length. The
trenches are usually excavated, the porous piping is installed, and the trench is back filled
will high permeability material. This technology requires an above ground system to
supply air and will require operations and maintenance. This technology will not treat

anaerobically degradable contaminants.
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0.24  Alternative 4: Air Sparging with Soil Vapor Extraction

Alternative 4 is the same as altemative 2 with the addition of Soil Vapor Extraction
(SVE). SVE is used to treat and extract contaminants in the unsaturated zones.
Contaminated vapors are volati!ized‘ and stripped from the saturated zones with the air
sparging,. The contaminants are then transported to the unsaturated zone and removed
with the SVE system. The SVE system requires installation of extraction wells and a
vacuwm system to collect the contaminants located in the unsaturated zones. Treatment
of collected vapors may be required prior to discharging to the atmo’sphere. Both the air
sparging and SVE systems wil}l require operations and maintenance. This technology

will not treat anaerobically degradable contaminants.

6.2.5 Alternative 5: Oxygen Release Compound

- This alternative requires the addition of magnesium peroxide product to groundwater to
previde slow releases of oxygen to the water-bearing zone. This technology can be
injected as a sharry or placed in wells in the form of filter socks. This technology will
help maintain aerobic biodegradation of VOCs. The cost of Oxygen Release Compound
(ORCQ) increases significantly if more than two rounds of injections are required. ORC

injection is most cost effective in areas without free product.
6.3 COMBINATION ALTERNATIVES

6.3.1 Alternative 1: Barrier Wall with In Situ Chemical Oxidation

Alternative | includes combining the Barrier Wall alternative with the In Situ Chemical
Oxidaton alternative. This combination was chosen so that the USCG could reduce any
further migration of contaminants from source areas and reduce the concentrations of
contamminants presently at the site. The barrier wall would be installed at the property
boundary to minimize plume migration from offsite properties. The barrier wall will aid
in treatment of the chlorinated solvents that.are migrating from the source areas. The
chemical oxidation would be introduced at the USCG facility. The chemical oxidation
would (reat any aerobically and anacrobically degradable constituents that are currently at
the site. This combination alternative would accomplish short-term goals of reducing
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contaminant loading at the site and would addiess long-term goals by teducing the

pathway for plume migration from source areas from entering the USCG property.

6.3.2  Alternative 2: Air Sparging in Trench with Hydrogen Release Compounds

This alternative would require the injection of Hydrogen Release Compounds (HRC) into
the saturated zones, up-gradient of the air sparging trench. This' combination of
technologies creates an.anaerobic zone for dechlorination followed by an aerobic zone to
degrade additional VOCs and dechlorination by-products.  This combination alternative
completes the long-term goals of minimizing additional migration from offsite areas.
This combination does not reduce the current contaminant concentrations that are located
down gradient of the air sparging trench. Natural Attenuation or alternate treatment

technologies would be required to reduce the existing contaminant concentrations.

6.3.3 Alternative 3: Hydrogen Release Compounds with Air Sparging/SVE

This alternative would combine the injection of HRC for dechlorination and the addition
of dissolved oxygen for aerobic degradation. HRC injection points would be required
near the property boundary. This injection area will initiate dechlorination. The next
phase would be to introduce a section of air sparging with SVE. This zone would be
aerobic and allow degradation of VOCs and dechlorination by-products. The SVE would
capture the contaminants out of the vadose zone. In addition to thesc two zones
additional combination zones may Dbe required, down gradient, to reduce the
concentrations of aerobic and anaerobic degradable compounds.  This alternative will

address the remediation of onsite contaminants but does not address additional plume

migration from the source areas.

6.4  DISCUSSION

These alternatives are poténtially' applicable treatment technologies that the USCG may
implement to remediate the site. Since the source areas are located on adjacent parcels of
property, source arca removal is not an available option. Therefore, the bencfits ot the
technologies presented may be minimal. The benefits of these technologies will only
inerease if source reduction and/or containment goals are achieved. Since both aerobic
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and anaerobic degradable compounds are present in groundwater at the site, MWIH would
recomiend a combination. of the alternatives to assist in reducing groundwater
concentrations to below current regulatory requirements. MWH is not recommending a
single specific alternative because of the lack of site-specific ‘information for each
technology and because the source removal containment goals are unavailable as a

remedy.

In order to generate an appropriate cleanup strategy, several factors must be considered:

« Have contaminants migrated into the himestone bedrock. It so to what extent?
» How does the hydraulic gradient react during daily or seasonal variations in the
Mississippi River?

» Does Brenntag have any plans for source remediation/control?

Furthermore, MWH would recommend discussions with Brenntag to explore a cost
sharing arrangement that would put the onus of the cleanup on the primarily responsible

party.
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7.0 RECOMENDATIONS .F-OR FURTHER INVESTIGATION

As mentioned in Section 3.0, further data collection will help refine development of a
closure strategy and determine if MNA or if an enhanced remediation would provide
more benificial. The NMNA screening protocol and the fate and transport modeling
presented in this RUFS are preliminary evaluations: of site conditions, based on the
currently available data.  Further investigation to develop a remedial strategy is

warranted.

Due to the site lithology, further investigation of the underlying limestone aquifer is

recommended. If contaminants have migrated into the underlying limestone aquifer as a

Dense Non-aqueous Phase Liquid (DNAPL), then a remedial strategy for the site will
include a Jower aquifer investigation and remediation. Previous studies indicate that the
bedrock surface dips to the southeast and southwest in the vicinity of MW-11. The
bedrock topography may serve to influence the transport of contaminants. Limestone
contains secondary porosity features, such as fracturing, voids, and jointing that can
influence groundwater flow and plume migration. The secondary porosity of limestone

complicates a groundwater pathway analysis.

From the data collected during-the Phase I, Phase [I, and R, it appears that source control
alternatives may not be implementable, since the contdrnination sSource is most likely
outside of the USCG property boundary. A combination plume-perimeter technology and

in-situ treatmentmay be the most useful remedial option.

A detailed risk analysis of soil and groundwater data should be conducted to determine
potential risk to human and environmental receptors. This risk analysis should determine
potential receptors, perform a risk-based evaluation of the data, and develop a site-

specific conceptual model.
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Reductive dehalogenation of chlorinated ethenes

@ Chiorine Atorn
@ Carbor Atom

(1) Hydrogan Atom

== Zingle Chamikal
Bond

== Doublg Chamical
Blond

Source: EPA 600/R-98/128 Technical Protocol for Evaluating Natural
Attenuation of Chlorinated Solvents in Ground Water.

NI | FIGURE 5-1
@ WY [ Reductive Dechlorination of PCE
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Table 2-1
Summary of Groundwater Elevations, February 2002
USCG OId Base, St. Louis

Ground
TOC Surface DTW Elevation DTW Elevation DTW  Elevation
WELLID Elevation Elevation Total Depth 2/18/02 2/18/02  2/20/02  2/20/02  2/21/02  2/21/02
MW-1 421.79 42214 17.2 NM NM NM NM 9.86 411.93
MW-4 421.51 421.81 24 NM NM NM NM 8.06 413.45
MW-5 418.13 418.38 26.4 20.96 397.17 NM NM 20.96 397.17
MW-6 417.48 418.43 26.6 21.48 396.00 NM NM 21.48 396.00
MW-7 417.68 418.18 24.68 NM NM NM NM 21.36 396.32
MW-8 418.41 418.71 22.43 20.56 397.85 20.56 397.85 NM NM
MW-9 419.14 419.49 249 21.52 397.62 21.52 397.62 NM NM
MW-10 419.38 419.68 19.24 14.24 405.14 14.24 NM NM NM
MW-11 419.07 --- 30.14 18.42 400.65 18.42 NIV NM NM

TOC = Top of Casing

-NM = Not Measured

Monitoring Wells surveyed 2-28-02.

Wells surveyed relative to USGS Benchmark at 422.78 feet NGVD




Table 3-1

Sununary of Reniedial Tnvestigation Soil Analytical Data
USCG Old Base, St. Louis

Pagelof 6
Sample Identification CALM" DP-2 15'-17 Dp-2 2022 Dp-2 2527
Sample Daté STARC 2/19/02 2/19/02 2/19/02
Compound " Units Scenario C
VOLATILE ORGANIC-COMPOUNDS * )
Acetone ugrkg 8,700,000 MU 7010 U 35900
BénZéne ug'kg 13,000 744 J 281 109 J
Bromobenzene ugikg 138U 81U Hd:U
Bromochloromethane ugrkg - 138U 281U 144 U
Bromoform uarkg --- 138U 281U 144 U
Bromomethane ugrkg 138U 281U 144-U
2-Butanone ug/keg MU 7010 U 3,590 U
n-Butylbenzeae ug’kg --- 138U 156,000 144 U
sec-Butylbenzene ug/kg - 138U 281U 733
t- Butylbenzene ug/kg - 138U 281U 144 U
Carbon disulfide ugtke 721,000 138U 281U 144 U
Carbon tetrachloride “ug/kg 5,000 138U 81U 144U
Chlorobenzene ug'’kg 180,000 37.9 25,000 948
Chloroethane ug'kg --- 138U 281U 144 U
Chjoroform ug/kg 1,000 138U 281U 144.U
Chloromcthane ug/ks --- 138U 281U 144°U
2-Chloroioluenc ugrke - 138U 281U 144 U
4-Chlorotoluene uagikg --- 33U 8/ U 144 U
[,2-Dibromo-3-chldropropane ugkg 5,000 68.9.U L400U 718U
Dibromochioromethane ugrkg 77,000 138U 281U 144U
1,2-Dibromoethane ve’kg - 384U 281U 144 U
Dibromomethanc ug'kg . 138U 281U 144 U
1,2-Dichlorobenzene ug’kg 600,000 138U 281U 144 U
1,3-Dichlorobenzene ug’kg - 138U 281U 144U
1,4-Dichlorobenzene ug’kg 51,000 138U 4,400 144 U
Dichloradifluoromethane ug'kg --- 138U 281U 144 U
1,1-Dichorocthane ug’kg --- 13.8U 281U 144 U
1,2-Dichlorocthane ug'kg 6,000 138U B/IU 144 U
1,1-Dichloroethene ug/kg 1,000 133U 281U 144 U
cis-},2-Dichloroethene ugka 1,200,000 133U 281U 144 U
traus-1,2-Dichlorocthene. ugfky 3,100,000 138U 281U 144 U
1,2:Dichloropropane ug/kg 25,000 138U 281U 144 U
1,3-Dichloropropane ugky 2,000 138U 281U 144 U
2,2-Dichloropropane uefky - 138U 281U 144 U
1,1-Dichloropropene vgkg 13.8.U 281U 144 U
cis-1,3-Dichloropropene ug'ke --- 13.8U 2810 144 U
trans-1,3-Dichloropropene ugrkg 13.8U 281U 144 U
Eilivibenzene ug/kg 400,000 38.6 88,100 4,420
Hexachlorobutadiene ugrkg 46,000 13.8U 281U 144 U
2-Hexanbne ug/kg 63.91J 1,400 U 718U -
Isopropylbenzene ug’kg 210,000 16.5 38,700 2,210
4-Isopropyltoluene ke --- 13.8 U 10,100 144 U
4-Methyl-2-pentanone ue’kg --: 639U 1,400 U 718U
Methylene chloride ugrkg 150.000 344U 701 U 359U
Naphthatene ug/kg 240,000 313 492,000 20,500
n-Propyvlbenzene ugkg - 40.3 97,800 6,520
Styrene ugikg 1,500,000 13.3U 281U 144 U
. 1,1,1,2-Tetrachloroethane ugrkg 24,000 13.3°U Wy 144 U
1,1,2,2:Tewrachlorocthane ug’kg 3,000 138U 81U 144 U
Tetrachlorocthene ug/kg 120,000 133U 5,500 460
Toluene g’k 650,000 611 67,000 4,510
1,2,3-Trichlorobenzene ug/ke - 133U 281 U idd4 U
1,2,4-Trichlorobenzene ugrkg 860,000 138U 281U 144U
[,1,1-Trichlorogihane ug/kg 1,200,000 13.8U 281U 144 U
1,1,2-Trichloroethane, ug’kg 14,000 138U 281U - 144 U
Trichloroethene ug’kg §9,000 13.8.U 1,010 912




Table 3-1

Summary of Remedial Investigation Seil Analytical Data

USCG Ol Base, St. Lvuis
Page2of 6

Sample Identification CALM" DP-2 15'-17"

Dhp-2 20'-22 DP-2 2527
Sample Date STARC 2/19/02 2/19/02 2/19/02
Compound Units Scenario C
VOLATILE ORGANIC COMPOUNDS*
1,2.3-Trichloropropane ugfka 400 138U 281 U 144 U
1,2.4-Trimethylbenzene ugikg 76.000 103 677,000 26,600
1.3,5-Trimethyibenzene ug/ke 6,900,000 393 203,000 14,200
Viny! chloride ug'kg 600 13.8U 281 U td4 U
Total Xylenes ug/kg 418,000 145 610,000 32,300
Bromodichlaromethane ug’kg 41,000 138U 281U jd44 U
Trichlorofluoromethane ug'ka 1,400,000 138U Bs1U 144 U”
TOTAL PETROLEUM HYDROCARBONS ®
Gasoline Range Organics ug’kg 6,890 U 2,050,000 205,000
Diescl Range Organics ug’kg - 47,700 1,350,000 207,000
TOTAL METALS ¢ )
Arsenic " make 14,000 8.17 47.2 10.2
Barium mg'kg 51,000,000 327 212 280
Cadmium mgrkg - 380,000 136U 2.55 137U
Chromium mg/kg 4,300,000 272 1L 35,7
Lead mg’kg 660,000 13.9 537 12:1
Nlercury mg/kyg 1,000 0.138U 0.14 U 0.139U
Selenium mgkg 970,000 136U 4.52 275
Silver mg/kg 450,000 136U 141U 1.37U
pH® 9.6 11.6 1.7
Notes:

a - Samples analyzed using SW-846 Method $260B
b - Samples analvzed using SW-846 Method 80158
¢ - Samples analvzed using 'SW-846 Mcthad 60108
d - Samples analyzed using SW-846 Method 9040
@ - Cleanup Levels for Missouri {CALM), Tier | Soit Cleanup Standards, Scenario C, June 29, 20601.
’ Bolded Results are above the detection fimit
—- Indicates no CALM siandard is available
up-kg = micrograms per kilogmin
mgikg = milligrams per kilogram
Qualiffers
U Compeund not detzcied above thethod detection timit
1 Estimated value
B Compound detected in mettiod biank




Table 3-1.
Summary of Remedial Investigation Soit Analytical Data
USCG Old Base, St. Louis
Page3 ol 6

Sample [dentifieation CALN" I)_P~3 3.7 pp:3 20'-22' DP-3 25'-27"
Snmplc Date STARC 2/20/02 2/20/02 2/20/02
Compound Units Scenario C

VOLATILE ORGANIC:COMPOUNDS *

Acglone ug'kg 8,700,000 330U 6,140 U 3,670U
Benzene ugKy 13,000 134 U 246 U 147 U
Brbmobenzene : uerky 134 U 246 U 147U
Bromochloromethane uaka .- 134 U 246 U 147 U
Bromoform ugrkg .- 134U 246 U 147 U
Bromomcthane ng’kg --- 134 U 246U 147 U
2-Butanone ugrkg 3,350U 6,140 U 3.670U
n-Butylbenzene ug’kg 134 U 46U 147 U
sec-Butylbenzene ug’kg 134 U 12,400 293
t- Butylbenzene ug/kg . 134U 246 U 147 U
Carbon disulfide ugtks 721,000 134U ) 246 U 147U
Carbon tetrachioride ' ug/kg 5,000 134U 246 U 147 U
Chlorobenzene: ue’kg 180,000 1254 1,520 147U
Chlorgethane ug’/kg --- 134 U 246U 147 U
Chloroform ug’kg 1,000 134U 246 U 147U
Chlpromethane ugikg 134U 246 U. 147U
2-Chlorotoluenc ug/kg 134U a6 U 147U
4-Chlorotoluene uglkg : - 134 U 246 U 147U
1;2-Dibromo-3-chloropropance: ugike 5,000 670U 1,230 U : 733U
Dibromochloromethane . ugikg 77,000 134 U 246 U 147 U
1,2-Dibromocthane ug/ke 134U 246 U 147 U
Dibromomethane ug’kg 134U 246 U 147U
1,2-Dichlorobenzene ug’/kg 600,000 134U 246U 147 U
1,3-Dichlorobenzene ug’kg - 134 U 246'U 47U
1,4-Dichlorobenzéne ugrkg 51,000 134 U 5,120 147 U
Dichlorodifluoromethane ugrkg 134U 246 U 147 U
1,1-Dichloroethane ugrkg 130J 246 U 147U
1,2-Dichlorocthanc ug’kg 6,000 134 U ‘M5U 147U
1,1-Dichloroethene ug’kg 1,000 134 U 246 U 147U
cis-1,2-Dichloroethene ug’ke 1,200,000 2,610 246 U 1inJ
trans-1,2-Dichlorocthene ug'kg 3,100,000 161 246 U 147°U
1,2-Dichloropropane ug/kg 25,000 134U 246U 147U
1.3-Dichloropropane ug/ke 2,000 134 U 246.U- 147 U
2,2-Dichloropropane ug/kg - 134 U 246U 147U
1,1-Dichloropropene ug'kg - 134 U 246 U 147U
-cis-1,3-Dichloropropene ng/kg --- 134U 246U 147 U
trans-1,3-Dichloropropene ug'kg --- 134U W6 U [47 U
Ethylbenzene ug/kg 400,000 103 J 102,000 3,220
Hexachlorobutadiene ug’kg 46,000 134 U 246 U 147 U
Z-Hexanonc: . ugkg --- 670U 1,230 U 733U
Isopropylberizene ug'kg 210,000 134 U 39,900 718
4-Isopropylioluene ug/kg 134 U 10,100 147 U
4-Methyl-2-pentanone ug'kg --- 670 U 1,230U 733U
Methyleng chloride ug/kg 150,000 335U 614 U 367U
Naplithalene’ ug/ke 240,000 503 369,000 7,700
n-Propylbenzene ug/kg 34U 90,300 1,720
‘Styrene ug/kg 1,500,000 134U 26'U 17U
1,1,1,2-Tetrachloroethane ug’kg 24,000 134 U 246 U 147U
1,1,2,2-Tetrachlorocthane ugrkg 5,060 134U 246 U 147U
Tetrachloroethene \]g/kg 120,000 590 18,900 704
Toluene ugikg 650,000 442 653,100 . 3.310
1.2,3-Trichlorobenzene ug'kg 134U 246 U 147 U
1,2,4-Trichlorobenzene ug'ke 860,000 134U e U 147 U
I,1,1-Trichloroethane ugike 1,200,000 630 246U 147 U
1,1,2-Trichloroethane ug’ke 14,000 134 U 246U 147U

Trichlorocthene ugrke §9,000 81,500 2,130 293




Table 3-1

‘Summary of Ranedial Investigation Sail Analytical Data

USCG Old Basce, St. Lonis
Paged of 6

Sample Identification CALM® Dp-3 3'-7 pp-3 20'-22' DP-3 2527
Sample Date STARC 2/20/02 2/20/02 2/20/02
Conmpound Units Scenario C.
VOLATILE ORGANIC COMPOUNDS *
1,2,3-Trichldropropane netkg 400 134 U 246 U 147U
1,2,4-Trimethylbenzene ug’kg 76,000 138 510,000 7,200
1,3,5-Trimethyibenzene ug'ks 6,900,000 104 171,000 3,700
Vinyl chloride ugkg 600 134U J46 U 147U
Total Xylenes uaikg 418,000 442 658,000 23,000
Bromodichloromethane ug’ke 41,000 134U 246 U 147 U,
Trichlorofluoromethane ug'kg 1,400,000 134 U 246 U 147U
TOTAL PETROLEUM HYDROCARBONS ®
Gasoline Range Organics uglkg --- 6,700 U 2,290,000 85,600
" Diesel Runge Organics vg'kg 29,200 3,760,000 201,000
TOTAL METALS ¢
Arsenic me’kg 14,000 64.2 4.88 2.6
Barium mg’kg 51,000,000 247 216 151
Cadmium mekg 380,000 23.6 1.22B 144U
Clhiromium mgkg 4,500,000 40.3 5.62 9.24
Lead mo'kg 660,000 4060 6.59 47
Mercury mg'kg 1,000 0.134U 0.12U 0.144 U
Sclenium . mg'kg’ 970,000 13.3 342 2.02
Silver mgikg 450,000 133U 1.22U 144 U
pH !¢ 6.2 118 12.2
Notes:

2 - Samples analyzed using SW-846 Mcthod 3260B

b - Samples analyzed using SW-846 Method 30158

¢« Samples analyzed using SW-846 Method 6010B

d - Samples unalyzed using SW-846 Methed 9040

& - Cleanup Levels for Missourd (CALM), Tier | Soil Cleanup Standants, Scenario C. Ju
Bolded Results are above the detection limit

-~ Indicates no CALM standard is available

ug/kg = microgrins per kilogram

mgfkg = milligroms per kilogrom

Qunlificcs

LU Compound not detected above method detection. limit
J Cstimated value

B Compound detected in methed blank




~ Table3-f
Suimmary of Remedinl Jivestigation Soil Analytical’Data
USCG Old Base, St. Louis

Page 5 of 6
Sample ldentification CALM' DP-4 2'-4! Dr-4 4'-6' DP-4 68" hp-4 20'-22'
Sample Date STARC 2/20/02 2/20/02 ] 2/20/02 2/20/02
Compound’ “Units Scenario C
VOLATILE ORGANIC COMPOUNDS ?
Acétone ugtke 8,700,000 61U 616U 351U 69U
Benzene ug’kg 13,000 2047 147U 33 3.31
Bromobenzene ug/kg .- 244U 246U 22U 276U
Bromochloromethane ug’kg 244U 246U 22U 276 U
Bromofonn ugike . 244 U 246U 22U 2.76 U
Bromomcthane ugkg --- 244U 246 U 22U 276 U
2-Butanone ug/kg. - 6t u 61.6U 551U 69U
n-Butylbenzene ug'kg e 244U : 246U 22U 2,76 U
séc-Butvlbenzene ugske --- 244 U 246 U 22U 2:76 U
t- Butylbenzene ug'ke - 244U 246 U 22U 276U
Carbon disulfide uglke 721,000 244 U 246U 22U 256 U
Carbon tetrachloride- ugrkg 5,000 244 U 246U 22U 276 U
Chlorobenzéne ug/kg 180,000 2.44 U 2.46 U 22U LI U
Chloroethane ugkg 2.44 U 246U 22U 276U
Chloroform ugkg 1,000 244U 246U 22U 276U
Chloromethane ug'kg 244U 246U 22U 276U
2-Chlorotoluene ug'kg 244U 246 U 22U L6 U
4-Chlorotoluenc ug'kg --- 244U 246 U 2:.2U 276U
1,2-Dibromo-3-chloropropune ug’kg 5,000 122U 123U Hu 138U
Dibromochlorommethane ugrkg 77,000 244U 346U 22U 276U
1,2-Dibromoethane ug’kg 244U 246U 22U 276 U
Dibromomecthane ug’kg --- 244U 246 U 22U 276U
1,2-Dichlorobenzene ugkg 600,000 244U 246 U 22U 276 U
1,3-Dichlorobenzene ug/kg --- 244U 246 U 22U 276 U
I.4-Dichlorobenzene ug/kg 51,000 244U - 246 U 22U 276U
Dichlorodifluoromethane ugikg -ee 244U 246U 22U 2.76°U
1,I-Dichloreethane- ug/kg - 244U 246U 220 276U
1,2-Dichlorocthane ug'kg 6,000 244U 246U 22U 276 U
1,1-Dichloroethene: ugikg 1,000 244U 246U 22U 116U
cis-1,2-Dichloroethene ug/kg 1,200,000 244 u 2.46 U 22U 276 U
trans-1,2-Dichloroethene ug/kg 3,100,000 244U 245U 22U 2.76.U
1,2-Dichloropropane ug/kg 25,000 244U 246U 22U 276U
1,3-Dichloropropanc ug/’kg 2,000 244U 246 U 22U 276U
2,2-Dichioropropane ug/ke .- 244 U 246U 22U 2.76 U
1,1-Dichloropropene ug/kg --- 244U 246 U 22U 276U
cis-1,3-Dichloropropene ug’kg --- 244 U 246 U 22U 276U
trans-1,3-Dichloropropens ug’kg - 244 U 246U 22U 276U
Etliylbenzene ugrks 400,000. 1.49J 246U 3.19 1774
Hexachlorobutadiene ug'kg 46,000 244U 246 U 22U 2.76 U
2-Hexanone ugrkg 1220 123U 1Hu 138U
Isopropylbenzene ug/kg 210,000 244U 246 U 22U 276U
4-Isopropyltoluene ug/kg - 244U 246 U 22U 2.76 U
4-Methy!-2-pentanone ugiky 1220 123U nu 13.8U
Methylene chloride ug’kg 150,000 6.1U 6.16U 551U 6.9-U
Naphthalene ug'kg 340,000 61U 6.16 U 351U 69U
n-Propylbenzene ug'kg --- 2440 246U 22U 276U
Styrene ug/kg 1,500,000 244U 246U 22U 276U
1,1,1,2-Tetrachloroethane ug'kg 24,000 244 U 246U 22U 276 U
1,1.2,2-Tetrachloroethane ugikg 5,000 244U 246U 22U 276 U
Teirachlorocthene ugrkg 120,000 244 U 246U 22U 276 U
Toluene ugrkg 650,000 5.24 3.33 892 7.86
1,2,3-Trichlorebenzene ug/ky - 244U 3.6 U 22U 276 U
1,2:4-Trichlorobenzene ugrkg 360,000 244U 246 U 22U 276U
1,1,1-Trichloroethane ug/kg 1,200,000 244 U 240U 22U 276 U
1,1,2-Trichloroethane ug'kg 14,000 344U 246U 22U 276 U
Trichloroethene ug’ke $9,000 244U 246U 18.4 276 U




Table 3-1

Summary of Rentedial Inves(igaiion Soil Analytical Dala

USCCG Old Base, St. Louis

Page G of 6
‘Sample Identification CALM® DP-4 2'-4' DP-4 4-¢' DpP-4 6'-§ DP-4 20'-22'
Sample Date STARC 2/20/02 2/20/02 2/20/02 2/20702
Compound Uinits Scenario C
VOLATILE ORGANIC COMPOUNDS * |
1,2,3-Trichloropropane ug'kg 400 244U 246 U 22U 276U
1,2, 4-Trimethylbenzene ugrkg 76,000 1.823° 246 U 4.19 2417
1,3,5-Trimethylbenzene ugkg 6.900,000 2444 245U 3.08 2.76'U
Vinyl chloride ugskg 600 244U 246U 22U 276U
Total Xylenes . ua/kg 418,000 3.78 2.59 9.25 7.59
Bromedichloroinethane ug/kg 41,000 244U 246U 22U 276U
Trichlorofluoromethanc ug'ke 1,400,000 244 U 246U 22U 276U
TOTAL PETROLEUM HYDROCARBONS °
Gasoline Range Organics ug/kg --- 6,100 U 6,160 U 5,510U 6,900 U
Diesel Range Organics ug/ke --- 12,100 U 18,800 11,000 U 13,700 U
TOTAL METALS®
Arsenic mg/kg 14,000 4.91 4.7 5.37 8.62
Barium mg'kg 51,000,000 172 130 110 217
Cadmium myg/kg 380,000 1.17U 117U 1.29 1.35U
Chromium mg'kg 4,300,000 22.2 18.6 279 20.5
Lead meg'kg 660,000 6.54 8.93 134 9.7
Mercury mgrkg 1,000 0.122U 0.119 U 0.107 U 0.138U
Selenium _mg'kg 970,000 1170 117U 2.79 1.35U
Silver mgrky 450,000 117U 117U 1.07U 135U
pHY 3.9 8.6 8.9 8
Notes:

a - Samples analyzed using SW-846 Method $260B
b - Samples analyzed using SW-846 Method S015B
¢ - Sainples analyzed using SW-846 Method 60100
d - Samples analyzed using SW-8-46 Method 9040

e - Cleanup Levels for Missouri (CALM), Tizr | Soil Cleanup S(andnrds, Scenano C, Ju

Bolded Results aressbove the'detéction lmit.
--- Indicates no CALM standard is avoilable
ug/Kg = microgramns per kilogram

mg’kg = milligrans per kilogram

Qualiffers

U Compound not detected-above methed detection limit

J Estimated value
B Compound detected in mediod blank




Table 3-2

Summary of Transformer Analytical Results

USCG Old Base

INTERFACIAL TENSION
VISUAL
SPECIFIC GRAVITY

D-871 24 min
D-1524

St. Louis, MO
PAge 1 of 1
SERIAL NUMBER: E-692937 )
SAMPLE IDENTIFICATION: IXF332
ILAB NUMBER: 0912008915-001-01
DATE COLLECTED: 2121102
DATE ANALYZED: 3/1/02
ASTM #  *Limits Resuits
NEUTRALIZATION NUMBER |D-974 0.2max 0.038 mgKOH/g
COLOR D-1500 0.5
DIELECTRIC D-877 26 min 54 KV

45.8 dynes/cm
Pale Yellow, Clear. Sparkling
0.8898

WATER D-1533 35max; 10.0 ppm
PCB IN OlL (<2) D-4059 87 ppm
Serial Number E-692937
Sample |dentification XF332
Lab Number 9912008915-001-01
Date Analyzed 2/26/02

IEEE Action Limit 2/21/02
Temperature —en :
Oxygen 28832
Nitrogen 76122
Carbon Monoxide 580 ppm 323
Carbon Dioxide 5528
Hydrogen 240 ppm 52
Methane 160 ppm 409
Ethane 115 ppm 237
Ethylene 190 ppm 12
Acetylene 11 ppm ND
Combustible Gases 942
Total Gas Content 111424

ND - Below Detection Limit
Bold results exceed Limit

*|EEE Guide for the determination of Generated Gases in Oil-lmmersed Transformers

their realtion to the Servicibility of the equipment. ANSI/IEEE C57.10




Table 3-3
Monitoring Well Survey Data
USCG Old Base St. Louis, MO

TOC Ground
Station No.  BS. F.S TOC Ground Elevation Elevation

Station 1 (West End)

B.M 4.41 o - 422.78
MW1 5.40 505  421.79 42214
M4 5.68 538 42151  421.81
MW 11 long shot ~ 8.12 7.82  419.07  419.37

Station 2 (East End)

MW11 4.63(TOC) 419.07

MW10 long shot  4.32 4.02 419.38  419.68
MWS : 5.29 499 - 418.41 418.71
MW9 4.56 4.21 419.14  419.49
MW5 557 5.32 418.13  418.38
MW6 6.22- 5.27 417.48  418.43
MW7 6.02 5.52 417.68  418.18

US Coast Guard Benchmark Elevation 422.78 feet NGVD
Located at northwest corner of site.

Date of Survey 2/28/02




Table 4-1
Summary of Investigative-Dérived Waste Anafytienl Results
USCG Old Base, St. Louis
Page 1 of1

Sample [dentification Soil Cuttings. DP-4 Soil Cutlings DP-3 Soil Cuttings DP-1, D1-2

Sample Date 2121702 221/02 2/21/02
Compound Units

TCLP*VOLATILE ORGANIC. COMPOUNDS*

Benzene uy/L 20U 20U 20U
Carbon tetrachloride ' ug/L 20U MU 20U
Chlorobenzene ug/L 20U 20U 50
Chloroform ug/L 20U 20 . 2
1,2:Dichloroethane ug/L 20U 20U 20U
1,1-Dichloroethene ug/L 20U 20U 20U
Methylethylkctone ug/L 100U 100 U 230
Tetrachloroeihene ug/L 20U 80 20U
Trichloroethene . ug/L 00U 40 80
Vinyl chloride ug/L 20U 20U 20U
TCLP SEMI-VOLATILE ORGANIC COMPOUNDS "
Cresols. ug/L - 10U 10U 10U
1,4-Dichlorobenzene ug/L I0U 10U 10U
2,4-Dinitrotoluene ug/L {61 10U 10U
Hexachlorobenzene ug/L " ou 10U 10U
Hexchlor-1,3-butadicne ug/L 10U oy 10U
Hexachloroethane . © ug/L 10U U 10U
Nitrobenzene ug/L 10U 100 10U
Pentachlorophenol ug/L 10U U 10U
Pyridine ug/L 10U 10U 10U
2,4,5-Trichlorophencl ug/L oy - 1wy - 10U
2,4,6-Trichlorophenol ug/L. ’ 10U oy 10U
TCLP METALS ©
Arsenic - ug/L 100U 100 U 100U
Barium ug/L 1000 1000 U 1000 U
Cadminm ) ug/L 100U 100U 100 U
Chromium us/L 500U 500U 500U
Lead ug/L 500U N0V 500U
Mercury ug/L 100U 10.0U 10.0U
Selenium ug/L 100U 100U 100U
Silver ' ug/L 100U 100 U 100U
Notes:

a - Samples analyzed-using SW-846 Methed $260B
b - Samplés analyzed using SW-846 Method 8270C
¢ - Samples snalyzed.using SWV-846 Method 60108
Bolded Results zre above the detection limit”
ug/L = microgramns per liter

Qualifiers

U Compounil not detecied above methed detection limnit




Table 4-2
Summary of Analytical Results from
Phase If Monitoring, Wells
USCG Old Base, St. Louis
Page J of2

Sample Ientification  Missouri \Va(c"r_‘ NWY-1 MV MY-5 MW-6 MW7 M-8 MW-9 MW-10 MW-11 MW-12
SampleDate . Quality * . 22002 2102 221402 2102 202 2202and 2720002 22002 2020002 220002
Compound Units " Standards® ! 221402 Duplicatc of 3IW-10

VOLATILE ORGANIC COMPOUNDS * . ot
Chloromethane ug L5 T seu 500U 50U 50U lou Loy 500U Lo Loy Lou

Vinyl cliloride ugl, T2 toosouU 1900 50U 50U 232 100 188 2.9 10U 2.9
Bromomethsne ug/l. L4487 50U 500U 50U 50U oo u 1.ouU 5000 oy 10U Lou
Chlotvedine uy/l, . "::' L suu 500U s.ou 5.0t Hou 10U s0.0U 10.4 1oy 1LY
1,1-Dichloroeihene uwl. Y S sou 500U 50U sou eu [RigY] 50.01) LOu LU 1oy
‘Acclone ug/l S L S00U 500U 3000 27 s 100U 4,580 100U 10.ouU 100U
Carbon disuliide uyl, et e s0u 50.0U 50U sou 100U 0u 500U Lou 1L.ou Loy
Melhylene chloride ughl. ol 250U 250U 250U 250U 500U 50U 1,540 50U 50U 5.0U0
trans-1,2-Dichlorocthiene up/l, o000 50U 500U 500 50U 1oy 1oy s0.H U Loy Lou 10U
Methyl-t-butyl Eiher ug/l. T (X 1 100 U .04 100U 200U 20U 1u 20U 20U 20U
L 1-Diehlurocthane up/l G e 50U 500U 50U 50U 359 1L.oU 1,000 2.0 10U 2.1
¢is-1,2-Dichlvroethene ug/l. R (| B 50U 12,500 5.0U 18.3 136 1.7 4,000 "25 37 2.5
2.Butanone ug/l. [ L 50U 250 U 1070 1160 759 50U 1,530 50U 50U 50U
Chilvrotor uy/l. - o : 50U 500U 50U 50U to.ou 10U S0 Loy 1oy 1.0U
1,1.1-Trichlorocihane ug/l Lo 50U 500U 50U 50U 1oy Lou 152 ou 1ou ou
Curbon tetruchlonide upil i 50U 500U 50U S.0U tou 1Lou 50.U 10U 10U tou
Benzene ug/L 50U 231 50U 30.0 6.8 L7 570 56.6 10u 584
1,2-Dichlorocthiune up/L . s0uU 500U 50U 50U oy 10U QU 10U ou [RVRY}
Frichlorocthene up/l B 50U s00U 50U 83 40.4 1.5 3,120 14 1.6 1.4
1,2-Dichlaroprapunc ug/L 50U 50.0U 500 50U 10.0U Lou 50U Lou Lou Lou
Biowmodichlotometlane up/L 50U 500U 50U 50U 0ou - 1Lou 50U Loy 1.0U 10U
cis-1,3-Dichlotopropenc up/L 50U 00U 500 souU -’ 1wouU 1.ouU souU .oy Lou 1.0U
4-Melhyl-2-pentanout up/l, R A X 250U 2504 250U 50.0U 50U 250 U sou 50U 50U
Toluciw ug/L - Leoo - - 50U 5,750 219 476 . us2 Lou 15,400 1ou 1ou 1ou
trans-1,3-Diclilosopropene ug/ls . 87 50U 500U 5.0U. 50U ooy Lou 50U 10y Lou Loy
1,1,2-Trichlorovthane Cougll .. 5. s6u 500U 50U 50U 16o0u Lou seU 10U lou Lou
Tetruchloroctiiene wyl . 5<i 4 50U 500U 50U s0U wou 1oy 968 ou 14.0 10U
2-Hexanome /L CoLd LT 2%0U 250U 250U 250U 500U s.0u 250U 50U 50U 50U
Dibrosnochiotometle ug/L L1 50U 500U 50U 50U wou Lou 50U 10U 10U Loy
Chimobenzene o/l 50U §9.5 S0V 17.3 151 3.0 196 30.7 Loy 313
Lihylbenzene ug/l 50U 812 5euU 58.4 30% ou 2,780 1L.ou tou 10U
Total Xylencs ur/l 50V 4940 22 285 1,470 Loy 15,400 1.0t 1o Lou
Brumofonu ug/L 50U 500U 50U sou JLIAVR V) 1ou 50U 10U Loy 1.0V
1.1,2.2-Tetrachioroviiumne upL 50U 500U 50U 50U 100U Loy 50U 1ou 1L.ou 100
1,3-Dichlorobenzene ug/L. 50U T 500U 50U 50U l0.0u Lou 50U Lou 10U 10U
1,4-Dichlorubenzene up/t 50U 500U 50U 50U 10.0U 10U 57.5 2.6 1ou 2.6
1.2.Dichlorobenzens up/l 50U 00U 50U 84 40.6 Ly 846 218 1ou 224
Naphthalene ug/L 50U 5,320 L4 383 307 2.0 1,570 10U Lou 1.0U




Table 4-2
Summary uf Analytical Results from
Plase I Moniloring Wells
. USCG Qld Base, St, Louis

Page2of2
Sample Identifieation  "Missourl Water,  Mw-1 MW-4 MW-5 MW-6 MW7 MW-3 MW-9 MW-10 MW-11 MW-12
Snaple Dage - Quality - . 221/02 w2102 2212 221702 2102 20/0230d 2120002 2720002 2120002 2720002
Compound Units Standards® . | 221002 Duplicate of MW-10
CON\’I‘JN'I'IDI\_‘AL CHEMISTRY PARAMETERS °_ : L
Nitroger, Total Kjeldahl mp/l o : 0.38 0.95 3.68 338 2.51 225 748 154 0.43, 119
Nitrogen, Aunmnonia g/l ) 1 0.2] 0.35 352 3.52 249 2.16 4.95 L7l 0.46 1.80
Sulfide, Towl /L . R : 0.10U 025U 3.6 10 14 0.10U 24 6.0 010U 52
Total Orpanic Carbon myl. CoLE ey 119 211 107 7.1 6.9 8.7 15U 54 1.8 S.1
Alkalinity, 15 CaCO, mgle .. Lt - . 439 519 269 182 187 172 3,760 302 330 310
DISSOLVED METALS ¢ C
lon l:_lp,/L . _ 0.030U 148 0.051 0.030 U 0.044 NA 0324 0.03cu 0.288 0.030 U
Manganese mg/l. s 249 289 0025 a.o1eU 0.010U NA 0010V 0.052 2.07 0.052
INORGANIC ANIONS *
Chiloride mg/L 22 164 [ () 283 68.3 54.4 260 118 i75 1t6
Nitrogen, NitrtetNirite gl 0.4 02U 03 03 02U 03 Loy 02U 5.6 23
Sulfate g/l 54.6 1.3 3oz 285 423 614 268 126 206 130
METABOLIC ACIDS © o . .
P'yruvic Acid mg/l e . _' i ;| iy ARV 1.2 o 0.1y 01y 32.7 01U ¢l 0.1u
Latic Acid w0 10U 10U Lou Lou 10U LOU 29.5 Lou 10U 10U
Acctic Acid /L [ 1.0U 343 1.0U Lou Loy ou 6.4 tou lou Lou
Propionic Acid my/l Lot [KtRY] ou tLou 10U 1.0y 1.0U 1oy 1ou 1.ou 1ou
Butyric Acid g/l S 10U 10u Lu Lou L.ou lou 10U Loy 10U 10U
. I
PERMANENT GASES' ) :
Ethiylene my/l o Q.0i0 U 0.160 0.014U osiou 1.010 0.020U 0.921 [SXVIYIRV] 0.0u8 U 000U
Ethane /L 0.0i0U 0.590 0.014U 0.010U 0.0ty 0.056 0.008 U 0.065 0.008 U 0.068
Metlune /L 0.033 1.94 0.074 0.956 4444 L.70 LIl 0.543 0.038 0.602
Carbon Dioaide my/l 18.0 16,4 0.028 U 0.020U 0.020U 0.047 uote U 0.221 743 0.210
TOTAL METALS ©
Iran mp/L 8.20 209 0.550 1.04 6.10 2.48 6.03 1.73 6.96 137
Manganese mg/l. 142 10.6° 0.067 G109 0215 0420 0473 0.050 587 0.047
Plosphorus my/l B 12 13 Lou . Loy 1ou BER 10U Lou (RO ¥ Lou
Notes:

a- Saaglo analyzcd using SW-R$6 Methud 526013

b - Samples analyzcd using SMATHEN ORG, SM 4500-NI13,

EPA 3.2, EPA JU0USKI 2020 18
© - Samples amlbyzed using EPA 200.7
d - Samples aalyzad using BI'A YUS6
e - Samples analyzed uslng HPLC/UY
[+ Sauples analyzed using ASTM DINS
& - Water Quality Stamlutdks from Uie Misivun 10 CSR 20.7,031

Bolded, Reswsts ure ubuve the Water Qoality Swodard

NA =~ Nut Analyzol

up/L = mictograts per liter
mg/L « wdlligrams per liter
Qualificr,

U Coupound mot detettel sbuve wetiod detection Junit



Table 4-3
Summary of Groundwater Anafytical Resulls
from Remedial Investigation Temporary Wells
USCG Old Base, St. Louis

Pagelol2
Sample Identification  Missouri Waler DP-2 DP-3 DP-4
Sample Date *. Quality 2/21/02 2/21/02 2/21/02
Compound Units . Standards® -
VOLATILE ORGANIC COMPOUNDS* o
Acctone ug/L o T T 4,030 4,550 30U
Benzene ug/L s : 772 436 0.69J
Bromobenzene ug/L o : 10U oy 11U
Broniochloromethane ug/L R 10U 10U 1Y
Bromoform ug/L S 100 - 10U 10U 1U
Bromomnethane ug/L. o 48 10U 10U 1u
2-Butanone ug/L S 500U 500 U 50U
n-Butylbenzene ug/L, - o 10U 10U 1U
sec-Butylbenzene ug/L Do e 10U 75 1U
t- Butylbenzene ug/L IR 10U 10U 1u
Carbon disulfide ug/L. e 10U 10U 1U
Carbon tetrachloride ug/L - 10U 10U 1y
Chlorobenzene ug/L . 100 N 1,420 112 1.8
Chlorocthane ug/L e - 100 10U 1U
Chloroform ug/L o1 10U 10U 1U
Chloromethane ug/L R R 10U 10U 10
2-Chlorotoluene ug/L ST ou 10U 10
4-Chlorotoluene ug/L s ou 10U 1u
1,2-Dibromo-3-chloropropane ug/L SRR 50U 50U 5U
Dibromochloromethane ug/L ’ 100 . " 10U 10U 1U
1,2-Dibromoethane ug/L ce s 10U 10U 1U
Dibromomethane. ug/L T 2L 10U 10U 11U
1,2-Dichlorobenzene ug/L. Lo 600 294 (Y] 1U
1,3-Dichlorobenzene ug/L. ©600.0 10U 10U 1uU
1,4-Dichlorobenzene ug/L K 15 0. _": 34 66 1y
Dichlorodifluoromeéthane ug/L ST 10U 10U LU
1,1-Dichloroethane ug/L S 163 442 27
1,2-Dichloroethane ug/L s 20 1ou 1u
1,1-Dichlorocthene ug/L. S AN louU 10U U
cis-1,2-Dichloroethene ug/L L7057 842 2,100 16.4
trans-1,2-Dichloroethene ug/L o 1000 oL 10U 10U . lu
1,2-Dichloropropane " ug/ll 1000 10U 10U 1U
1,3-Dichloropropane ug/L L T 10U 10U 1uU
2,2-Dichloropropane ug/L W e 10U i0U 1u
1,1-Dichloropropene - ug/L o 81 10U iou 1U
cis-1,3-Dichloropropene ug/L . 87T 10U 10U 1y
trans-1,3-Dichloropropenc ug/L 81T ou 10U 1uU
Ethylbenzene ug/L o700 2,220 3,960 4
Hexachlorobutadiene ug/L 045 10U 100 1y
2-Hexanane ug/L L 100 U 100 U 10U
Isopropylbenzene ug/L o : 253 463 0.66J
a-Isopropyitoluene ug/L o . 1ou 10U 1u
4-Methyl-2-pentanone ug/L C _ 130 100U iou
Methylene chloride ug/L s 20U 66 2U
Naphthalene ug/L 20 o 3,220B 4,480 B 15.1 B
n-Propylbenzene ug/L : . . 467 888 0.93J
Styrene ug/L 100 - 10U 10U 1 U
1,1,1,2-Tetrachloroethane ug/L 70 10U 10U 1y
1,1,2,2-Tetrachloroethane ug/L a7 100 1ou 1U




Summary of Groundwater Analytical Resulis
from Remedial Investigation Temporary Wells

Table 4-3

'USCG Old Base, St. Louis

Page 2 of 2

'):l.]:'s’s'éuri_ Water’

Sample Identification DP-2 DP-3 DP4
Sample Date Quality: . - 2/21/02 2/21/02 2/21/02
Compound Units Standards® -
Tetrachlorocthene ug/L 5 168 1,080 1
Toluene ug/L 1,000 - 12,400 15,400 8.9
1,2,3-Trichlorobenzene ug/L - 10U 10U v
1,2,4-Trichlorobenzene ug/L 70 - 10U 10U 1U
1,1,1-Trichloroethane ug/L 200 .. 8.3 oy 1y
1,1,2-Trichloroethane ug/L 5 ¢ 10U 10U 1U
Trichloroethene ug/L -5 453 1,900 17.5
1,2,3-Trichlovopropane ug/L - 40 - 10U 10U 1U
1,2,4-Trimethylbenzene ug/L S 1,940 3,060 43
1,3,5-Trimethylbenzene ug/L o 976 1,630 2.6
Vinyl chloride ug/L 2 10U 50 7.6
Total Xylenes ug/L 10,000 - ° - 13,700 23,400 24
Bromodichloromethane ug/L - 7100 1oy 10U 1U
Trichlorofluoromethane ug/L o 10U 10U 1u
TOTAL PETROLEUM HYDROCARBONS "
Gasoline Range Organics ug/L 83,000 107,000 164
Dicsel Range Organics ug/L. 18,200 106,000 160
TOTAL METALS € T
Arsenic. ug/L T507. - 174 180 104
Barium ug/L 2,000 .- 56.0 1710 2,140
Cadinjwmn ug/L .5 2.00 12.0 16.0
Chiromiuin ug/L. S1000 o 11.0 118, 220
Lead ug/L 15 28.0 642 1,260
Mercury ug/L 2 0.400 1.10 3.20
Sclenium ug/L 50 - 9.00 52.0 30.0
Silver ug/L 500 . 5.00 U 10.0U 100U
Noétes: Total Chlorinate VOCs 3,088 5,816 47
a - Samples analyzéd using SW-846 Method 82608 Total BTEX 29,092 43,196 38

b - Samples analyzed using SW-846 Method 8013B
¢ - Samples analyzed using SW-846 Method 60108

d - Water Quality Standards from the Missouri 10 CSR 20-7.031; blank cells indicate no standard available

Results shown in bold are above the MWQS
ug/L = micfograms per liter

Qualificrs

U Compound not detected above method detection limit

J Estimated value
B Compound detected in method blank




Table 6-1

Polantial Remedial Oplions {r the USCG Sile

Page 1 of 1

LRcmcdinl Option
J A

!

Description

Advantages

Disadvantages

‘Suurce Ar

ra Renyediation Technologies

Treated Water Injection

Injection of air stripper tMucut water to create llushing ¢lfect
lollowing temoval of contaminants, particulates, and iron,

Moy sitinice removal ol some dissolved und lightly: adsorbed
VOC's througli Nushing action, Iugreased dissolved oxygen will
lichp remove acrobically biodepadable contuminants,

Flushing could require lengtly period of time 1o be eltective. Added
dissulved oxypei could-climinate anacrobic mechanisms currenily
degrading highly chlorinzicd compounds. Uncertain permit
leguireiments,

Amended Water lnj;:clion

fnjection of gir stripper effluent with oxygen source and/or
inorganic nutricnts added.

Increased dissolved oxygen will help romove acrobically
bivdegradable contaminants, 11 oxidant (peroxide or
penmanganate) is used, some cliemical oxidation could take place
catalyzed by iron in the groundwater, Inurganic nutrients could
cnhance hiodegrdation.

[ncreased oxygen from peroxide or permangznate could acc Ic
louling of injection wells. Added dissolved oxygen cotld climineie
ahacrobic mechanisms currently degrading highly chierinatod
compounds. Uncertain permit reguirenments.

it sine chemical oxidation

Pressure injection of Featon's seagent (hydropen peroxide +
ferrous sullale) o create free radicals or penanganate which
transiorm confwminants,

Rapid destruction ol contaminants, even liee product. Results can
he aclhieved i typically two rounds ol injection.

Increased groundwalter temperaiures could impeet natural aticruation
mechunisms, beh pressure could causs uncontrolicd reaction. Souie
PrOCUsSSes require audlhuuun of proundivater causing additional
subsurfuce and handling ivsu

I-Iydm'g,cn Release -
Cowmpound (HRE)

fujection ol polylactate ester-into the subsurfuce that hydrolyzes
1o release lactic aeid and h/dro!,a_n {oslering reductive
duchlorination.

Slow release ufhydro"c_n prompis efticient reductive
dechlorination. No wells reguired for injection ol the pmdu&.l‘
Can be most cost efTective approach for chlorinated contuminunt
cleanup.

Cannot be used in the vadose zone. Required special putnping
equipment lor injection. Multiple injections may be necessary. Loss
ellective on daughicer products, cis-1,2 DCE and VC. An aceumulition
ol eis-1,2 DCE und VC have occasivnally been observed during
eilment perings.

Plume |}

crimeter Remediation Technologics

- Barrier Wall

l;'mpluccmuni of reactive media, such as iron {ilings, into a
trench transecting the plume. Wall may be of limited leogth due
to preferential flow through narrow sand scam.

Approach may cffectively treat.coplaminunts passing through the
wall, therehy preventing migrations. Media liletime is permancut,
given sullicient maintenance.,

Cust ot trench und media would b large il barrier through the sand and
the clay downgradient of the site is required. Maintenance of the
media (removal-of scule) would prabably bu required, but would bu
nusageable for wshort fength wall,

Biospurging in Wells

Injection of air intw water-bearing zone w create air-curtain awd
increase dissolved oxygen for biodegradation of vinyl ehloride
before it Jeaves te sile,

Provides iemediation ol acrobically degradable VOC's (e.p., vinyl
chluride}in groundwater where reatinent can take place.
Prevents of1-sile migration,

Sparged airwil channel to certain extent and probably not feasible in
low permeabllity zones. Anacrubically depradable contuminants weuld
not be treated.

"Aijr Sparging in Trench

i

Injection of uir into water-bearing zong through trench
contiguration to create air curtain and inerease dissolved oxypen
for biodegradation of vinyl-chloride before it Teaves the site.

Provides remediation ol acrobically degraduble VOC's (.., vinyl
chivride) in groundwater where treatment can take place.
Irevents olf-sile migration. Trench application can b used
through tow penncability zones to cul ofTdny VOO migration
Now through these reits,

Sparged air will channed to certain extent and low penmeability zoncs
will nol be romediated as quickly as high penineability zones.
Anacrobically degradable contaminants would oot bu-treatsd.

TAIr Spﬁrging with SV

Injection ol gir into watcr-bearing zone with vapor exuraction of
volatilized contaminants above water table.

Provides reniediation of free product and volatiles in groundwater
by volatilizing to vadese zone where contaminated vapors can be
recovered with SVE systein. Acrobic bivreinediation in
groundwaler would also be accelerated by increasing dissolved
oxypen content ol groundwater.

Sparped air will channet to certain extent and low permeability zenes
will not be remediaied as quickly as high penneability zones, System
would requife both injection and extraction systems and aboveground
treatiment of vapors may be requicetl.

© Oxygen Release
Compound (ORC)

Addition of magnesivm peroxide product to groundwater
provides slow release of oxypen to waler-bearing zone. Cun be
injuected as.a slurry or pluced in wells in the (orm of filier socks.

Would help maintain aciobic biadegradation of ¢is-1,2 DCE and
VC. Is gaining widespread application at VC sites in the U.S. and
Canada.

Cost of ORC can be signilicant i inore than two round of injection are
required or more than three rounds of filter sock installation are
reyuited. ORC is most cost efftctive for areas without free product.
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INTRODUCTION

The purpose of this project was to evaluate subsurface conditions
alt USCG Base St. Louis prior to the proposed construction of a
new administration building. This work was authorized by Con-
tracting Officer Ms. Pamela Komer after acceptance of our propos-
al dated December 12, 1991.

PROJECT BACXGROUND

A report prepared by ATEC Associates and dated March 19, 1991
identified soil contamination with volatile and semi-volatile
organic compounds in the western portion of the base. Subsequent
to the ATEC report, we completed a Phase I Environmental Evalua-
tion as part of task order 02-1082. Items of potential environ-
mental concern identified during the first phase of this project
include two abandoned 8,000 gallon underground gasoline storage
tanks located near the northwast corner of the base, a 300 gallon
diesel underground tank in the northeast corner of the facility,
and a former tank location under the present site of the EM Club.
ALl of the tanks existing at the time of our Phase I report have
since been removed.

An inventory was completed of the types of hazardous materials
used, stored, and disposed of by the Coast Guard on-site. The
information obtained during the Phase I study did not indicate
that the operations of the Base have adversely affected the
environmental gquality of the site.

The primary item of environmental concern observed during our
Phase I Evaluation was the presence of leachate seeping from the
west bank of the Mississippi River just south of the boom dock.
It was noted that the leachate had a chlorinated solvent odor,
and a pH greater than 12. Base St. Louils is surrounded by indus-
trial properties, and at the time of our Phase I study, it was

suspectad that the leachate may have originated from an off-site
source.

A copy of the Phase I report is included as an appendix to this
report.

PURPOSE

The purpos= of this second phase of the evaluation was to charac-
terize the subsurface conditions prasent at the base, and to
begin to assess the type, extent, magnitude, and possible origin
of the contamination identified during our’initial evaluation,
and previously by ATEC.
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WORKSCOPE
General Approach

This project included soil and groundwater sampling, analytical
testing, interpretation and reporting.

Drilling Services

A total of 17 borings were drilled using a CME 55 truck mounted
drill rig. Borings completed as monitor wells were drilled with
4-1/4 inch I.D. hollow stem augers. Field work was completed
with level "D'" personal protective clothing, and upgraded to
level "C'" gear for a short time at the discretion of the site
safety officer. -

Sampling toels, augers, and tooling were steam cleaned prior to
starting work. The augers and tooling were steam cleaned between
borings. Sampling tools were steam cleaned or cleansed with an
ALCONOX detergent and water solution between samples. The sam-
plers wers then rinsed with tap water and deionized water prior
to reause.

Soll cuttings wera placed in a roll-off container for storage and
transport to a disposal facility. Water from decontamination was
contained in a visqueen lined dike and then transferred to 535
gallon steel drunms.

To determine if the site's soil and/or groundwater has been
impacted by the identified potential sources of contamination, we
completed seventeen borings. The approximate boring locations
are shown on the attacned Monitor Well and Boring Location Plan.

Borings near the underground storage tanks were drilled to 20 ft
depths. Four borings were drilled to bedrock. The nine borings
that were completad as wells were originally proposed to be
drilled to a depth of 40 ft. A silt layer was encountered above
the bedrock at an average depth of 25 ft. Therefore, some of the
wells were completaed at shallower depths because it was suspected
that the silt would not yield sufiicient watsr for testing sanm-
ples.

Sanples from the borings were obtained by Standard Panetration
Test methods from tha 2.0 to 4.0 ft, 5.0 to 7.0 ft, 8.0 to 10.0
ft, 13.0 to 15.0 ft, and 18.0 to 20.0 ft intervals using 24 inch
leng, 2 inch 0.D. split-barral samplars. Beyond the 20 ft depth
the borings were sampled at 5 ft intervals.

an environmental geologist from our office was on-site during all
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field work to direct the drillers, handle samples, and screen the

samples using a photoionization detector (PID). The PID is used
to check for indications of contamination with volatile orgainic
compounds found in hydrocarbon fuels and solvents. Due to the
caustic nature of the leachate along the river bank, samples were
also tested with pH sensitive paper. :

Monitor Well Construction, Development, and Sampling

The monitor wells were constructed of 2 inch diameter, flush
joint threaded, schedule 40 Rigid PVC with 10 ft long 0.010 inch
slotted screens. The walls were backfilled with clean silica
sand to approximately 2 ft above the tdp of the screen. A 2 ft
beritonite pellet plug was placed above the sand pack, and the
remainder of the boring was backfilled with cement-bentonite
grout to within 3 £t of the ground surface. X 6 inch diameter
flush-mount manhole was used on all of the wells except for Mw-1.
The space between the grout and the protective manhole covers was
filled with ready-mix concrste. A 5 inch I.D. steesl protective
riser with a locking cover was concreted in-place over the PVC
riser at MW-1.

Groundwater, and top-of~casing elevations were measured at all

wells to cenfirm the direction of groundwatar flow across the
site. Two USCG geodetic -control points locatad at the northwest
and southeast corners of the base were used to provide a refer-
ence datum. Ground surface elevations ware taken from a site
plan prepared by Miller, Stephenson, and Associates.

The wells were developed by bailing. The field work and repoirt-—
ing for this phase of the project was completed by an environmen-

tal geologlist and an environmental technician. Well development
consistad of surging a teflon bailer in the scresnaed section of
the monitor well. This was done to draw fine grained material in

the filter pack through the screen, for removal. Surging contin-
ued until and turbidity was decreasad. The USEPA does not ap-
prove of excessively turbid watzr samples, due to the possibility
of adsorbtion/absorption effects interfering with the detection
of low coencentrations of volatile organic chemicals. The water
removed from the wells during develovment was placed in 53 gallon
drums whilch were labeled as to theair point of origin.

Following developmentJIthe wells were samplsd. The samples wersa

handled, stored, and presarved, according to USEPA protccol.
3240 samples were praserved with hydrochleric acid, TRPH samples
were presarved with sulfuric acid, and metals samples were pre-
servaed with nitriec acid after field filtration. The metals
samples were pressure filtered with lab grade dry nitrogen
through a 0.45 micron membrane filter. The pressure filtration
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apparatus is constructed of teflon coated 316 stainless steel.
The apparatus was decontaminated and the filter changed between

samples to prevent cross-contamination. All of the samples were

kept as close to 4 degrees Centigrade as possible during trans-
port to the laboratory, as required by USEPA protocol. Chain-of-
Custody forms were used to document the sample custodians during
collection, transport, and receipt at the laboratory.

Anélytical Testing

Our budget included the analysis of seventesen soil samples, one
from each boring. The samples were submitted for analysis for
Total Recovarable Petroleum Hydrocarbons (TRPH) by Method 418.1,
volatile organic compounds (VOC's) by Method 8240, pH, and total
.concentrations of TCLP listed metals. The samples were sent to
BHM Laboratories of Chagrin Falls, Ohio and were chosen based on
indications of contamination from the field PID screening and
observations. In addition, the two samples with the greatest
indication of contamination based on the TRPH analysis were
testad for base-neutral and acid extractable semivolatile organic
compounds by Meithod 8270. The soill samples tested for 8270
analytes were obtained from B-9 and B-186.

We had originally proposad to sample a monitor wall which was
thought to have been installed by ATEC Enviromnmental Consultants
in the western portion of ths base at boring location E-6. We
used the map scale in the ATEC report to locate Boring E-6 in the
buoy pen area, where it was found that the boring was under a
large number of spools of cable. We asked CWO2 Mike Dewey if it
would be possible to move the cable in order to ascertain if a
monitor well was indeed present at this location. Mr. Dewey
referred us to MKC Gary Haley and BM1 Mark Helmers, who were
presant when the well was supposedly installed, and BMCS Bob
Sanderscn, who is in charge of the buoy storage arsa. The con-
sensus of opinion of thesea three individuals was that ATEC never
ceompleted the boring as a w2ll dus to the fact that contamination
was encountered, and they left the site quickly because thay did

not have any personal protective equipment. A review of the ATEC
report, specifically the chalin-of custody form at the end of the
report, bears this conclusion out. Mr. Healmers further statad

that he had se2n the area in guestion when it was not covered
with cable spools, and that to the best of His knewledge, no well
was presenkt. ' :

NMine water samples were tested for TRPH, VOC's, pH, and TCLP

listed metals. Four watar samples from the wells showing the
highest degrez of TRPH contamination were also tested for 8270
analytes. The wells which were tested for 8270 analytes were MW-

4, MW-5, MW-7, and MW-9.
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Waste Testing and Disposal

We had estimated that about forty-nine 55 gallon drums of waste
would be generated during field work. Dus to the fact that
pedrock was encountered at a shallower depth than anticipated,
less waste soll was generated. In order to raduce cost, a roll-
of £ box was brought to the site, and the soll cuttings were
placed inside. We have made arrangements with Meiburger Environ-
mental of St. Louis to dispose of the soil cuttings. Mr. Paul
Meiburger has advised us that due to some problems with the
analytical testing of the waste, it will be another two weeks
before BFI will agrss to dispose of the waste soil. C

Decontamination water from the steam cleaning was placed in 55
gallon drums. The purge water from the devzlopment and sampling

of the monitor wells was placed in individual drums, in order to

segregate the waste streams, and potentially reduce disposal
costs. We have made arrangements with Clayton Chemical Company

of Sauget, Illinois to provide disposal sarvices for the drummed

wacar.
RESULTS
Subsurfaces Profile

The borings have revealed a subsurface profile consisting pri-
marily of coarse granular fill overlving gray silt followed by
limestone bedrock. The £fill is comnposed of slag, gravel, bricks,
paving stones, and foundry sand. Trace amounts of coal and glass
were also noted in the f£ill. The fill thickness ranged from 0 to
32 £t at our borings, with depths ifcreasing to the east toward
the Mississippi River. Figure 1 is a graphic presentation of the
£ill thicknass which was mapped using SURFER softwara.

" Below the fill at an approximate depth of 25 ft is a layer of
gray silt which was deposited in the floodplain of the Mississip-
pli River. The silt thickness ranges from 5 to 10 £, and over-
lies the St. Louls Limestone, the uppermost local bedrock unit.
Copies of the Boring Logs ars included in Appendix B.

Figure 2 is a contour map of the bedrock surface as identified by
our borings. The bedrock is sloping down from northwest to
southeast across the sita. The bedrock ranges from an approxi-
mate elevation of 393.38 ft at the northwest corner of the site to
384.5 ft at the southesastc corner of the site. Averages depth to
bedrock across the site is about 32 ft. Thers is a somewhat
anmomalous 2 f& depression in the bedrock surface in the north
center of the site. The devprsssion trends north to south, and
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may represant an erosional surface.

Two deologic cross sections, and a section line location map are

included in Appendix B with the boring logs. Cross section A to

A' is from west to east, and séction B to B' is oriented from
north to south. ' '

Field Observations and PID Screening

During the course of completion of our field work, several
indicatiens of environmental contamination were obs2rved along
the sputh and west boundaries of the bass.

The PID readihgs obtained from the borings increased with depth,
with the highest readings rescorded from depth intervals ranging
from 13 to 15 ft to the total depth of the borings. A PID read-
ing of 173 parts per million was recorded from the 13.to 15 ft
sample interval at B-4. We encounterad a soll with strong creo-
sote-like odor at B-4, and the soil retained by the augers had a
heavy petroleum sheen on the surface.

A PID reading of 200 parts per million was obtained in the 18 to
20 ft sample from B-16. A solvent odor was also present. The
highest PID reading recorded for any sample was 300 parts per
million, from 18 ft to the total devpth of B-9. This boring
location had a strong smell of an aromatic or chlorinatead sol-
vent. Level "C" respiratory protection was used to complete B-9.
The PID readings. for all of the soil samples obtained from our
test borings are présented on the boring logs in Appandix B.

Groundwatar

A review of the survey results show that groundwater flow at Base
St, Louis is in an eastarly direction toward the Mississippi

River. The water elevations at the monitor wells were measursd
to the nearest 0.01 ft, and the groundwater elevations betivesn
the wells were mapped using SURFER softwara. A SURFER map show-

ing the estimated groundwater elevations for the site is included
in Figure 3.

Bedrock 1is sloping to the southeast toward the Mississippi River,
and groundwatar is flowing through the fill placed above the silt
overlying the bedrock. The silt and clay which overlies the
bedrock along the flood plain of the river acts as a lower con-
fining layer.

Results of Soil Analysis

Our review of the results of analytical testing for the soil




samples indicates that slevated concentrations of petroleum and
chlorinated solvent based compounds are present in the soils from
B-4, B-6, B-9, and B-16. These compounds include Benzene, 2~
Butanone, Dichloroethene isomers, Dichlorobenzene isomers, Ethyl-
benzene, Tetrachloroethene, Toluene, and Xylene isomers. The
concentration of 364 parts per million Xylena in the soil at B-9
is equivalent to .03% by weight. The volatile organic compounds
detected in the samples from B-4 and B-9 appear to corraspond
well with those compounds previously detectad in a sample ana-
lyzed by ATEC from their boring E-6. Soms of these same chemi-
cals are listed on a 1983 tank inventory she=t obtain=d from Chem
Tech Industries by Lt. Rendon.

Selected organic contaminants which were detected in a majority
of the soil samples obtained from the borings were contour mapped
using SURFER software. These contour maps are prasented in
Appendix A. Toluene concentrations in soil are contour mapped in
Figure 12, and Trichloroethene concentrations in the socil are
presented in Figure 13. Other contaminants were not contour
mapped because of insufficient data.

Contamination with volatile organic compounds was also detected
in the soil samples from B-2, B-3, B-5, B-8, B-10, and B-17.
Residual TRPH and BTEX concentrations were encountsra2d at B-13,
and B-15, which were completed at formsr underground storage tank
locations.

The remainder of the samples collected from B-1, B-7, B-11, B-12,
and B-14 did not indicate concentrations of VOC's abova the
limits of detection. A summary of the analytical results is
presented on the following pages.

The results of the USEPA Method 8270 analysis indicatad that the
soil at B-9 1s contaminated with Napthalene, Methylnapthalene,
Dichlorobenzene isomars, and Phthalate Esters. Indications of
contamination were also presant in a sample testsed from B-16,
whera concentrations of Napthalens and Phthalate Esters were
det=cted. During the completion of our Phase I and II work it
was noted that seaveral railrocad tank cars which were labeled as
containing Napthalene wers being loaded at Cham Tech Industries.

The rasults of the metals analysis indicats anomalous concentra-
tions of mercury in most of the samples testad. " Mercury is not
thought to naturally occur in the soils derived from the lime-
stone bedrock this far north of the Ozark Plat=sau, according to
the MDMR. publications "Gaology and Ore Deposits of the St. rran-
cois Mountains'", and "Sediment Hostsd Lead, Zinc and Barium
deposits of the Midcontinent", which we reviewed during our Phasa
I evaluation. The mercury is likely to be a contaminant constit-
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uent of the fill. Elevated lead concenitrations above the mean

of the rest of the samples tested were detected at B-13.

was completed in the former underground gasoline
and lead is a component of leaded gasaline.

TABLE I

RESULTS OF SOIL ANALYSIS
U.S. Coast Guard Bass St.
USEPA METHOD 3240
(Conicentrations in Parts Per Million)

Boring/Monitor Well I.D.
Sample Depth Interval (£

COMPOUNDS DETECTED

BENZENE

2-BUTANONE
CHLOROBENZENE
CIS-1,2-~DICHLOROETHENE
TRANS-1,2-DICHLOROETHENE
ETHYLBENZENE

TOLUENE
TRICHLOROETHENE

VINYL CHLORIDE

TOTAL XYLENES

1,2 DICHLOROBENZENE
1,4 DICHLOROBENZENE

BENZENE

2-BUTANONE

CHLOROBENZENE _
CIS-1,2-DICHLOROETHENE
TRANS-1, 2-DICHLOROETHENE
ETHYLBENZENE
TETRACHLORQETHENE
TOLUENE '

Lou

is

tank location,

B-13

B-1 B-2 B~3 B-4 B-5
t.) @13-15 @8-10 @2-4 @28-30 @23-25
ND MND ND 0.015 ND
ND ND ND ND 0.460
ND 0.12 ND ND ND
ND ND ND 0.350  ND
ND ND ND 0.140 ND
ND ND ND 0.036 ND
ND 0.028 0.012 0.054 0.022
ND - 0.030 0.060 0.014 ND
ND ND ND 0.0138 ND
ND. ND ND 0.062 0.008
ND 0.012 ND ND ND
ND 0.009 ND ND ND
B-6 B-7 B-8 B-3 B-10
@23-25 @18-20 @23-25 @18-20 @18-20
ND ND ND ND 0.020
0.410 ND NMD ND ND
ND ND ND ND - 0.008
ND ND 0.012 ND 0.013
ND - ND - ND 0.140 ND
ND ND ND 60.8 ND
ND ND ND 11.7 ND
0.140 ND ND 84.5 0.250




TABLE I (CONTINUED)

RESULTS OF SOIL ANALYSIS
U.S5. Coast Guard Base St.

USEPA METHOD 8240
(Concentrations in Parts Per Million)

Louis

B-6 B-7 B-8 B-9 B~10
@23-25 @18~20 @23-25 @18-20 @18-20

TRICHLOROETHENE ND ND ND 3.2, 0.010
TOTAL XYLEMNES 0.031 ND ND 364 . 0.029
1,2 DICHLOROBENZENE ND ND ND 13.9 0.007
1,4 DICHLOROBENZENE ND . ND ND ND ND
ND: Not Detezsctead
Boring/Monitor Well I.D. B-11 B-12 B-13 B-14 B-15
Sample Depth Interval (ft.) @23-25 @s-7 @s5-7 @L8-20 @8-10
BENZENE ND ND ND ND ND
2-BUTANONE ND ND ND ND ND
CHLOROBENZENE ND ND ND NMD ND
CIS-1,2-DICHLOROETHENE ND ND ND ND ND
TRANS-1,2-DICHLOROETHENE ND ND ND ND ND
ETHYLBENZENE ND ND ND ND ND
TOLUENE ND ND ND ND ND
TETRACHLOROETHENE ND ND 0.018 ND ND
TRICHLOROETHENE ND ND 0.125 ND 0.020
VINYL CHLORIDE ND ND ND ND ND
TOTAL XYLENES ND ND ND ND 0.031
1,2 DICHLOROBENZEMNE ‘ ND ND ND ND ND
1,4 DICHLOROBENZENE MD ND ND. ND ND
Boring/Monitor Well I.D. B-16 B-17
Sample Denth Interval (ft.) @18-20 @8-10
BENZENE ND 0.113
2-BUTANONE MD ND
CHLOROBENZENE ND 0.302
CIS~1,2-DLCHLOROETHENE ND NMD
TRANS-1,2-DICHLOROETHENE MND ND
ETHYLBENZENE 9.00 ND
TOLUENE _ 8.40 0.074
TETRACHLOROETHENE 2.10 NMD
TRICHLOROETHENE 1.30 ND
VINYL CHLORIDE ND ND
TOTAL XYLEMNES 41,1 1.42
1,2 DICHLOROBENZENE 2.40 0.021
1,4 DICHLCROBENZEMNE 0.50 0.019
ND: Mot Detaciad




TABLE IT

RESULTS OF SOIL ANALYSIS
U.S. Coast Guard Base St. Louils
USEPA METHOD 8270
(Concantrations in Parts Per Million)

Boring/Monitor Well I.D. B-9 B-16
Sample Depth Interval (ft.) @18-20 @18-20

COMPOUNDS DETECTED

BIS(2-ETHYLHEXYL) PHTHALATE - ND 0.38¢

DI-N~BUTYL PHTHALATE 0.510 ND

1,2-DICHLOROBENZENE 2.060 ND

2-METHYLMNAPTHALENE 5.320 ND

NAPTHALENE 12.39 1.045

PHENANTHRENE 0.310 ND
TABLE III

RESULTS OF SOILS ANALAYSIS
U.S. Coast Guard Bass St. Louis
USEPA METHOD 6010-TOTAL METALS
{(Concentrations in Parts Per Million)

.Boring/Monitor Well I.D. B-1 B-2 B-3 B-4 B-5
Sample Depth Interval (ft.) @13-15 @8-10 @2-4 @28-30 (@23-25
ARSENIC 22.85 29.77 8.93 24.70 -67.27
BARTUM 103.3 159.70 35.41 138.20 295.50
CADMIUM ' <0.30 <0.30 <0.30 <0.30 <0.30
CHROMIUM 3.63 10.61 10.50 11.84 2.26
COPPER 15,17 12.06 34.97 15.67 4.39
‘LEAD : 22.27 25.64 9.53 16.97 22.27
MERCURY : 0.110 <0.10 <0.10 <0.09 <0.10
NICKEL : 15.89 15.472 6.76 13.34 <0.60
SELENIUM <1.50 <1.50 <1.50 <1.50 <1.50
SILVER <0.30 <0.30 <0.30 <0.30 <0.30

ZINC 49.38 73.76 15.47 53.45 5.85

OTHER TESTING

Boring/Monitor Well I.D. B-1 B-2 B-3 B-4 B-5
Sample Depth Intarval (ft.) @13-15 @8-10 @2-4 @23-30 (@23-25
pH (METHOD 150.1) 6.94  8.62 3.47 8.18 10,51
TRPH (METHOD 418.1) 25.70  3.70 24.48  2.64  82.09
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TABLE III (CONTINUED)

RESULTS OF SOIL ANALYSIS
U.S. Coast Guard Base St. Louis
USEPA METHOD 6010~-TOTAL METALS
(Concentrations in Parts Per Million)

L1

Bofing/Monitor Well I.D. B-6 B-7 B-8  B-9 B-10
Sample DPepth Int=rval (ft.) @23-25 @18-20 @23-25 @18-20 @18-20
ARSENIC : : 36.99 50.21 18.87  39.44 76.22
BARIUM 317.70 174 .00 118.80 165.20 221.30
CADMIUM <0.30 <0.30 <0.30 <0.30 <0.30
CHROMEIUM ) 4.44 13.13 7.08 5.19 1.02
COPPER 7.01 26.96 7.59 5.89 2.68
LEAD 43.22 29.20 9.03 32.41 49.96.
MERCURY : <0.10 <0.10 <0.100 <.120 <0.10
NICKEL <0.60 14.26 9.19 6.09 1.57
SELENIUM <1.50 <1.50 <1.50 <1.50 <1.30
SILVER " ' <0.30 <0.30 <0.30 <0.30 <0.30
ZINC 61.38 33.47 34.21 71.71 32.97
OTHER TESTING

Boring/Monitor w21l I.D. B~6 B-7 B-8 - B-9 B-10
Sample Depth Interval (ft.) @23-25 @13-20 @23-25 @18-20 @18-20
pd (METHOD 150.1) 10.12 10.36 9.20 10.47 9.853
TRPH (METHOD 418.1) . 7.52 4.02 6.06 5,263 9.23




TABLE III (CONTINUED)

RESULTS OF SOIL ANAL!SIS
U.S. Coast Guard Base St. Louils
USEPA METHOD 6010-TOTAL METALS
(Concentrations in Parts Per Million)

Boring/Monitor Wall I.D. B-11 B-12 B-13 B-14 B-15
Sample Depth Interval (ft.) @23-25 @s5-7 @5-7 @18-20 @8-10
ARSENIC 13.14 15.56 60.53 30.19 66.10
BARIUM 118.8 79.76 437.2 178.9 372.7
CADMIUM ' <0.30 <0.30 0.853 <0.30 <0.30
CHROMIUM 6.51 8.05 18.10 6.18 9.25
COPPER 5.31 7.86 162.9 7.46 19.04
LEAD . 9.43 25.42 294.9 12.35 59.04
MERCURY 0.110 0.092 0.388 0.203 0.169
MICKEL 3.10 7.07 23.47 8.22 4.64
SELENIUM <1.50 <1.50 <1.50 €1.30 <1.50
SILVER © <0.30 <0.30 <0.30 <0.30 <0.30

ZINC . 27.09 145.2 212.4 26.96 55.00

OTHER TESTING

Boring/Monitor Well I.D. B-11 B-12 B-13 B-14 B~-15

Sample Depth Interval (ft.) Q23=-25 @5-7 @5-7 @18-20 @8-10
pH (METHOD 150.1) 3.26 8.50 3.16 9.20 9.27
TRPH (METHOD 418.1) <1.00 65.23 23.31 <«1.00 48.62




TABLE III (CONTINUED)

RESULTS OF SOIL ANALYSIS
U.S. Coast Guard Base St. Louis
USEPA METHOD 6010-TOTAL METALS
(Concentrations in Parts Per Million)

Boring/Monitor Well I.D. B-16 B-17
Sample Depth Interval (ft.) @23-25 @85-7 -

ARSENIC 37.81 24.79
BARIUM 138.2 178.3
CADMIUM . 0.63 <0.30
CHROMIUHM 7.29 §.31
COPPER 47 .16 15.41
LEAD T 99.92 37.89
MERCURY 0.633 0.225
NICKEL : 9.26 11.17
SELENIUM <1.50 <1.30
SILVER <0.30 <0.30
ZINC 325.9 - 103.1

OTHER TESTING

Boring/Monitor Well I.D. B~16 B-17
Sample Depth Interval (£t.) @23-25 @s5-7

pH (METHOD 150.1) 3.88 8.17

TRPH (METHOD 418.1) 101.% 11.11
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Chemtech Tank Listing

The follewing is a August 19,

1991 tank inventory of Chemtech

Industries, Inc. which was obtained at the request of Lt. Frad
Sommer. The tank location numbers are referenced to a Chemtech
Industries mab. A copy of this map is at the Coast Guard Base in
St. Louis. Ffrom our obsarvaticns of the layout of the tank farm
it appears that the largest capacity tanks (over 250,000 gallons)
are 1ocated closest to the south bourndary of the Coast Guard

Base. We pelieve that the designation "LCS" means liquid caustic
soda.
TANK # CAPACITY (GAL) PRODUCT
1 310,000 LCS 30% Reg. (Chemtz=ch)
2 310,000 LcS 50% Reg. (Chemtach)
3 221,000 Acetone
4 420,000 Empty-Manway off
5 380,000 Shell Sol 140
6 330,000 LCS Reqular
7 620,000 Toluene _
8 620,000 LCS 50% Rayon (Monsanto)
9 210,000 Caustic Potash
10 ' 20,000 Caustic Potash, Low Sodium
15 450,000 Mineral Spirits, Exempt
16 450,000 IPA 99% :
22 50,000 Empty, Out of Service
23 50,000 Primary Amyl Acetate
24 50,000 Out of Service
25 50,000 Out of Service
27 . 315,000 Methanol
28 ' 420,000 LCS 50% Rayon (Chemtach)
29 630,000 Xylene
30 450,000 LCS 50% Reg. (PPG)
31 30,000 Empty
32 30,000 VM & P (Texaco)
33 30,000 LPA Solvent
34 30,000 Ethyl Acetate 99%
35 30,000 Hill v M & P
36 _ 20,.000 NP Alchol
37 20,000 Hill Heptane
38 : 20,000 Aromatic 150
39 20,000 Mineral Spirits, Exsmpt
40 20,000 $D3 Alcohol
41 20,000 Mathyl Ethyl Ketone
42 20,000 Methyl Isobutyl Keton=a
43 20,000 Shall Sol 140
dd 20,000 B903 PraMix-B905
45 ' 20,000 Aromatic 100
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(Chemtech Tank Listing-Continued)

TANK 3 CAPACITY (GAL)
46 20,000
a7 20,000
43 20,000
49 ' 20,000
50 20,000
51 20,000
52 . 20,000
53 20,000
54 20,000
55 11,600
56 20,000
57 20,850
53 - 12,000
59 12,000
60 5,000
61 10,000
62 5,000
63 12,000
64 8,500
65 15,000
66 20,000
67 20,000
63 10,000.
69 5,000
70 5,000
71 5,000
72 3,000
73 10,000
74 12,000
75 8,000 '
76 10,000
77 12,000
73 8,000
79 12,000
80 12,000
31 7,884
82 5,000
33 12,000
84 - 8,000
85 15,000
86 11,200
37 4,000
33 16,4830
89 14,400
30 ' 10,000
91 3,400
92 5,765

PRODUCT

Form C Anhydrous

N Butyl Acetate
Heptana C

Chemsolv MPM {(PM)
Base 01il 500

LPA Solvent

Empty

Mineral Spirits

Empty

MAK

N/P Acetate

Shell Sol 140 HT
Hexane B

Texanol

PM Acstate

Surfonic N 95
Surfonic N 95

DOPE

Blend Tank

B&33-Midco Premix
Fuel Oil %2

Mineral Seal 0il

Amyl Acetatsz

Ethylens Glycol

F503 Contam w/Ethyl Ace.
Hexylsne Glycol

Shell Sol 71 (odorless M.S.
Diacetone

Chemsclv DB

Chemsolv EB

Empty

Methylene Chloride
Chemsolv EE Acetatsa
Chemsolv EEP

Normal Butyl Alcohol
Contam. Aromatic Mixture
EB Ac=atate

1,1,1 Triethane
MNeodal (Tergitol)

out of Service
Sulfuric Acid E Grade
Caustic Blend Tank
Muriatic Acid 20°
Muriatic Acid 20°
Mitric Acid a2’

P M P Gluconatsa
Phospnoric Acid 75% Tech

)
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Groundwater analysis Results

Groundwater samples were collected from each of the nine monitor-
ing wells and submitted to BHM Laboratories for analysis of
Volatile Organic Compounds by USEPA Method 8240, Total Concentra-
tions of TCLP listed metals, and pH. Selected samples with the
highest TRPH concantrations were also testad for USEPA Method
8270 analytes. Copies of the Analytical Laboratory Reports are
included in Appendix D.

TABLE IV

RESULTS OF GROUNDWATER ANALYSIS
U.S. Coast Guard Bass St. Louis
USEPA METHOD 8240
(Concentrations in Parts Per Million)

S

COMPOUNDS DETECTED MW-1 MW-4 KMW=-5 Mw-6 MW-7.
ACETONE ND 1.28 1.5%0 2.08 3.10
BENZENE ND 0.350 0.029 0.039 0.153
2-BUTANONE ND ND 2.860 1.053 ND
CHLOROBENMNZENE ND 0.030 .0.802 ND 0.237
CHLOROMETHANE .020 0:020 0.178 0.095 0.028
1,1-DICHLORQETHANE ND 0.017 ‘ND 0.022 0.113
CIS-1,2-DICHLOROETHENE ND- 13.2 ND ND 0.519
TRANS~1,; 2-DICHLOROETHENE ND’ 0.0350 ND ND 0.017
ETHYLBENZENE ND 1.12 0.060 0.120 0.109
4-METHYL-2-PENTANONE MD. ND ND 0.037 ND
TOLUENE ND. 5.30 1.50 0.940 0.259
TRICHLOROETHENE : ND ND 0.024 ~ 0.042 0.013
VINYL CHLORIDE ND 1.10 ND ND 0.144
TOTAL XYLENES MD 5.38, 0.360° 0.652 0.352
1,2 DICHLOROBENZENE ND 0.040  ND 0.024 0.013
‘ND: Mot Detscted

16




TABLE IV (CONTINUED)

RESULTS OF GROUNDWATER ANALYSIS

U.S. Coast Guard Base St.

(Concentrations in Parts Per Million)

Monitor Well I.D.

COMPOUNDS DETECTED

ACETONE

BENMZENE
CHLOROBENZENE
CHLOROETHANE
CHLOROMETHANE

.1, 1-DICHLOROETHANE

CIS~1,2~-DICHLOROETHENE
ETHYLBENZENE

4 -METHYL—-2-PENTANONE
TETRACHLOROETHENE
TOLUENE

1,1, 1-TRICHLOROETHANE
TRICHLOROETHENE

VINYL CHLORIDE

TOTAL XYLENES

1,2 DICHLOROBENZENE

ND: Mot Detected

USEPA METHOD 8240

MW-~8

0.276
0.018
ND
ND
0.009
0.040
0.124
0.027
0.040
ND

17

MW-9

20.53
0.278
ND

"ND

0.284
.58
.20
.41
.367

SO PN

0o
o O
\0
~
N

o -
o »
Ul b

Louls

MH - 10 MW~11
ND ND
0.092 ND
0.032 ND
0.048 ND
ND 0.055
0.150 ND
0.047 ND
0.005 ND
ND ND
0.010 0.014
0.020 ND
0.022 ND
0.128 ND
ND ND
0.016 ND
0.006 ND
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TABLE V

RESULTS OF G.ROUNDWATE-R ANALYSIS

U.S. Coast Guard Base St. Louis

USEPA METHOD 6010-TOTAL METALS
(Concentrations in Parts Per Million)

Monitor Well I.D. MWw-~1 MW-4 - MW-5 MW-5  MW-7
ARSENIC <0.01 <0.04  <0.01 0.10 <0.o04
BARTIUM 0.08 0.09 . 0.06 . <0.01 <0.01
CADMIUM <0.01 <0.01L <0.01 <0.01 <0.01
CHROMIUM ' <0.01 <0.01 ~©0.03  <0.01 <0.01
COPPER <0.01 <0.81 <0.01 -<0.01 <D.01
LEAD <0.03 <0.03 <0.03 <0.03 <0.03
MERCURY ' <0.0002 0.0052 <0.0002 <0.0002 <.0002
NICKEL ' <0.02 0.02 <0.02 <0.02 <0.02
SELENIUM 0.14 <0.01 <0.05 0.30 0.19
SILVER <0.01 <0.01 <0.01 <0.01 <0.01
ZINC <0.01 <0.01 <0.01 <0.01 <0.01

Monitor Well I.D. MW-1 MW-4 MW-5 MW-5 MW-7
pH (METHOD 150.1) 5.63 6.73 11.90 11.63 9.77
TRPH (METHOD 418.1) 2.30 6.32 3.13 2.50 11.535
4
13
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TABLE V (CONTINUED)

RESULTS OF GROUNDWATER ANALYSIS
Louis

USEPA METHOD 6010-TOTAL METALS
(Concentrations in Parts Per Million)

U.

Monitor Well I.D.

ARSENIC
BARIUM
CADMIUM
CHROMIUM
COPPER
LEAD
MERCURY
NMICKEL
SELENIUM
SILVER
ZINC

OTHER TESTING

Monitor W=11 I.D.

pH (METHOD 150.1)

Q

[

Coast Guard Base st.

MW-3 MW=-9 MW-10 MW-11
<D.04 0.11 <0.04 <D.04
<0.0L1 <D.01 <0.01 <0.01
<0.01 <0.01 <0.01 <0.01
<0.01 <0.01 <0.01 <0.01
<0.01 <0.01 <0,01 <0.01
<0.03 <0.03 <0:03 <0.03

<0.0002 <0.0002 <0.0002 <0.0002
<0.02 <0.02 <0.02 <0.02

<0..05 0.16 D.14a 0.11
<0:01 <0.01 <0.01 <0.01
<0.01 <0.01 <0.01 _ <0.01
MW-3 MW-9 MW-10 MW-11
9.03 11.71 9.36 5.77
3.31 4.66 2.05

TRPH (METHOD 413.1)

71L.05

19

or’




= —.§ [ -]

TABLE VI

RESULTS OF GROUNDWATER ANALYSIS

U.S. Coast Guard Base St.
USEPA METHOD 8270

Louis

(Concentrations in Parts Per Million)

Monitor Well I.D. MW-4 MW-5

COMPOUNDS DETECTED

ACENAPTHENE 0.196 ND
BENZO (A) ANTHRACENE 0.028 ND
BIS (2—ETHYLHEXYL) PHTALATE ND ND
CHRYSENE _ 0.024 ND
DIBENZOFURAN 0.184 MD.
1,2~-DICHLOROBENZENE ND ND
FLUORANTHENE 0.160 ND
FLUORENE 0.232 ND
NAPTHALENE 0.638 ND
2-METHYLMNAPTHALENE ND . ND
PHENANTHRENE 0.272 ND
PYRENE 0.068 ND
2,4-DIMETHYLPHENOL 0.078 ND
ND: Not Detected
20

MwW-7 MW-9
ND ND
NMD ND
ND 0.147

- ND ND.
ND MD
ND 0.092
ND ND
ND 2.60

0.01& 0.540
ND 0.076
ND ND
ND ND
ND ND
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INTERPRETATION '

Maximum Contaminant Levels (MCLs) have been established or are
proposed (PMCLs) for contamiminants in drinking water supplies
for some of the chemical compounds and metals identified in this
study. These MCLs ara part of the Safe Drinking Water Act, and
are anforcable,

The USEPA has issued a draft document entitled "Guidance in
Developing Health Criteria for Determining Unreasonable Risk to

Health", which presents contaminant levels considered to pose

"inrzasonable risk to health (URTH)" for drinking water supplies.
This document states that the URTH values, and methods for calcu-~
lating the values, are to be used only as guidelines, and are not
actually regulatory levals enforceable by law. The document has
been published to assist states in issuing variances or exemp-
tiens from Maximum Contaminant Levels established by Federal law.

Because the proposed URTH values apply to drinking water sup-
plies, it seems reasonable to assume that contaminant levels in
so0il below the URTH, and in an area where the groundwatar is not
likely to be used as a drinking water source, may not reguire
remediation.

In addition to these regulatory levels and guidelines, the USEPA
has published provaosed action levels for contaminants in soil and
water in 55 CFR 30798 to 30834. Again, these are proposad lesvels
as of July 27, 19%0, and would prbbably be used only as guide-
line€ by a regulatory agency.

To provide a visual aid to understanding the approximates extent
of the contaminant plumes, pH and chemical contaminant concentra-

tions were contour mapped using SURFER software. Figure 4 is a-

isopach map of ths pH values for watesr samples obtainad from the
9 monitor wells. Other isoconcentration maps for water contam-
inants are presanted in Appendix A and includs: Benzenes (Figurs
5) , Toluene (Figure 6), Ethylbenzens (Figure 7), Xylene (Figurs
8), Aceton=z (Figurs 9), Cis-1,2-Dichloroethesne (Figure 10), and
Trichloroethena (Figure 11).

Benzaena was detactad in the groundwater in seven of the nine
monitor wells, at concentrations above the watsr action lavel.
Benzane has a solubllity in #watar of 0.18%. Benzena is a known
carcinogen, with a low MCL of .003 parts per million. Banzene
was detactad in all walls except MW-1 and ¥MW-11. Toluensz, Ethyl-
benzene, and Xylene are similar aromatic hydrocarbons to benzen=a.

21




These compounds are all lighter than water. This fawily of
hydrocarbons is commonly referred to as BTEX. Toluene has a
solubility in water of 0.05%, Ethylbenzene 0.015%, and Xylene
0.00003%. The iscconcentration maps show that Benzene (Figure
5), Toluene ({Figure 6), Ethylbenzene (Figure 7), and Xylene
(Figure 3) are apparently entering the site from two separate
sources to the south of MW-4 and MW-9. Refer to Table IV for
Toluene, Ethylbenzene, and Xylene contaminant concentrations
detected in the water samples, and the relevlant "Regulatory"
levels in Table VIT.

Acetone was detected in 6 of the nine wells and was detected at a
concentration above the water action level in a sanple from MW-9
(Figure 9). Acetone is soluble in water in all proportions. The
water action levels are USEPA guidelines and are not law. The
SURFER plot of Acetone concentrations in the groundwater illus-
trates the magnitude of the increasing contaminant levels to the
south, at MW-9. '

Mercury was detected at a concentration above the water action
level in a sample from MW-4 only. Vinyl Chloride, a chemical for
which the USEPA has a low maximum contaminant level goal of 0.002
parts per million, is present at a concentration of 1.1 parts per
million at MW-4, and at no other well locations. It is likely
that Vinyl Chloride and Mercury would be detected in additional
monitor wells placed along the railroad tracks to the west of the
base.

Other chlorinated hydrocarbons, in the form of Dichloroethene
isomers (Figure 10), and Trichloroethene (Figure 11) are present
above their MCLs in most of the samples collected from the moni-

tor wells. These types of chlorinated hydrocarbons are heavier
than water and sink. Trichloroethene has a solubility in water
of 0.1%. During the completion of our test borings it was ob-

served that the uppermost foot of the gray silt often had a
chlorinated solvent type of odor. This odor was absent or not as
noticeable in the samples obtained from the overlying fill.

Dichlorobenzene isomers, are present in the groundwater at con-
centrations below action levels for water. There is no MCL data
available for Napthalene and Methylnapthalene, which were also
detected in some of the water samples.

Table VII on the following page prasents USEPA data on MCLs, URTH
concentrations in groundwatar, and proposad action lavels for the
organic and inorganic contaminants identified in the soil and/or

groundwater at USCG Base St. Louis.

Because the highest levels of most contaminants were detected in
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MW—-4 and MW-9, the two closest wells to the Chem-Tech property,
it seems reasonable to conclude that the soil and groundwater
contamination may originate on the Chem-Tech site. The SURFER
plots of contaminant isoconcentrations give additional evidence
of the estimated magnitude of the problem.

Additional borings and monitor wells would help to better dester-
mine the extent of contamination along the south and west por-
tions of the bass.

CONTAMINANT

Acetonea
Acenapthens
2-Butanone

Benzo(a) -
~Anthracene

Benzene
Chlorobenzene
Chrysene
Dibenzofuran

1,1 Dichloro-
—-ethane

1,2 Dichloro-
-benzene

Cis-1,2 Di-
~chloroethene

Trans—l,Z Di~
~chloroethene

2,4-Dimethyl-
-phenol

Ethylbenzene
Fluoranthene
Fluorane

4~Methyl-2-
-Pentanone

Mercury

TABLE VII

UREGULATORY! LEVELS FOR CONTAMINANTS
IDENTIFIED AT BASE ST. LOUIS

‘(Concentrations in Parts Per Million)

MCL or Recommended Soll Action Water Action

PMCTL, URTH Level Lavel Level
NA NA ' 8,000 4.0
NA _ NA NA NA
NA NA NA NA
NA . NA NA NA
.005 0.01 NA .005
NA NA - 2,000 70
NA NA - NA NA
NA NA. NA NA
NA NA NA NA
NA NA NA NA
0.07 0.4 NA NA
0.1 2.0 NA NA
NA NA, NA NA
0.7 1.0 3,000 4.0
MA MNA NA NA
NA NA NA NA
NA NA MA NA
0.002 0.01 20 0.004
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TABLE VII (Continued)
HREGULATORY" LEVELS FOR CONTAMINANTS
IDENTIFIED AT BASE ST. LOUIS
(Concentrations in Parts Per Million)

MCL; or Recommended $Soil Action Watar Action

CONTAMINANT PMCL URTH Level Level Level
Napthalene Na NA NA NA
Phenanthrene NA + NA NA . NA
Pyrene IR NA NA NA
Tetrachloroethene NA NA NA NA
Toluene 2.0 NA 20,000 10
Trichloroethene 0.002 0.002 60 1.0
Total Xylenes 10 40 200,000 70
Vinyl Chloride 0.0 0.002 - NA NA

The applicable maximum contaminant levels or proposed maximum
contaminant levels (MCL/PMCL's) are taken from the Federal Safe
Drinking Water Act of 1974, and it's subsequent amendements. The
s0il and water action levels are taken from The Code of Federal
Regulations CFR Section 264.521(a) (2) (i-iv) "Appendix A.-Examples
of Concentrations Meeting Criteria for Action Levels"™. The URTH
levels are from an October 1990 USEPA Office of Drinking Water
draft document entitled "Guidance in Developing Health Criteria
for Determining Unreasonable Risks to Health."

CONCLUSIONS

The results of chemical analysis of the soils obtained from test
borings completed in the former underground storage tank loca-
tions indicates that the soils do not contain concentrations of
BTEX which are likely to require further remediation. We have
recently reviewed information from MDNR which indicates that no
further cleanup is required, adcording to the "Missouri Correc-
tive Action Guidance Document, Table 3".

The potential sources of contamination identified at the site
include previous usage by the Mississippi Valley Iron Company.
The £ill at the site could contain hazardous censtituents, and
may be affecting the pH of the water. Thera is sufficient evi-
dence to suspect that a spill or series of spills may have oc-
courred at the tank car transfer point located to the west of the
southwast corner of the site. Ther=a is a possibility that leak-
age has occourred at points along the Chem-Tech above ground
transfer pipeline located just to the south of the bass. Another
potential source of contamination is the above ground storage
tanks at Chem-Tech. In consideration of the information and data
obtained to date, the likeliest source of volatile organie con-
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tamination is the Chew-Tech Ihdustries property.

‘Many of the organic chemicals detected in the soil samples are

only slightly soluble in water. The isoconcentration contours of
many of the less soluble organic chemicals inerease to the south

towards the Chem-Tech property: These chemicals are likely to

persist in the groundwater for a long time until the source of
contamination is removed. The £ill underlying the site 1is porous
and is underlain by a relatively impermeable silt layer encoun-
tered at an average depth of 25 ft.

RECOMMENDATIONS

Any remediation effort involving extraction wells should take
into account the vorows nature of the fill which is likely to
extend onto ad]acenL sites. Attempts to remove thes contaminadted
groundwater by flushirig the site may not be effective considering
the probable scale of the problem to the south and vossibly west
of Base-S5t. Louls.

To obtain useful data, any further exploration should extend off-
site to the south and west. Depending on input from your legal
counsel, you may need to inform MDNR of the results of ground-
water monitoring since the concentrations of acetone, benzene,
mercury, and chlorinated solvents exceed water action levels.
Efforts should be continued to attempt to confirm the sources of
tHe contaminantion. Once the source and full extent of contami-
nation is identified, a suitable remediation technology may be
selected.

The conclusions and racommendations presented in this report are
based on available data and may be revised as additional data is
obtained. This report is not to be considered legal advice but
rather a summary of existing geoenvironmental conditions at Base-
St Louis. If you have any questions or comments regarding this
report, please do not hesitate to call us.

SIGNATURES

Report Prepared By: Report Reviewed By:

g)f& S /ﬁ/’é 'AJ/%W f

Dale S. Mc Lane ohn T. Garvey
Environmantal Geologist Hydrogeologist
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LAI*ORATORY LOG OF BORING NUMBER: B-1 PROJECT: USCEG Base St. Louls:
GLIENT: Uuited States Coast Guard BORING DEPTU: 28.5 [t
LOCATION: TFoot of lrou Street, Sc. Louis Ho. BORING DATZ: January 27, 1992
DRILLING METHOD: Hollow stem auger ENCOUNTERED WATER: 17 ft.
.WATER ON COMPLETION: N/A
SURFACE ELEVATION: WATER AFTER HRS.: N/A
D[S |T |8
E |a Y |¥ _ DRY
P M P | M SOIL STANDARD PID | UMIT
T P E )] DESCRIPTION PEN. RESULT |[WEIGHT | PL WG LL
i L 0 ‘ :
(ft) | E L blows/6in. | (ppw) | (pcE) | ()] (%) | (%)
— “ Topsoil  (L2")
o0
oq 2 .
— 1 0%l FILL: Gravel and blue slag 14-20-11-9 0
— %7
o
5 a .
— 2 FILL: Brown silty clay wicth | 3-4-3-4 0
e? fine sand
— 9 .
10 FILL: Gray silt wich gravel | 2-3-2-4 18
— 4 Stiff brown lean CLAY with 2-5-6-6 35
15 gray silt seams, creosote
— odor (€L)
\
—~ 5 12-2-2-2 0
20
— 6 N Loose brown SILT with clay 3-2-2-3 0
25 (ML)
B N
— N
5 N
— 7 H-T Loosa brown fine SAND ' 9-50/3"
30 .\\_ (5P)
— Yeathered LIMESTOME bedrock
— Auger Refusal ar 28.5 [t
35—
40—
__J

ADH-2 (89)

EDP CONSULTANTS,

ING.




LABORATORY LOG OF BORING NUMBER: B-2 PROJLCT: USCG Base St. Louis
CLIENT: United States Coast Guard BORING DEPIH: 31.5 fc
LOGATION: Foot of Ivron Street, St. Louis Ho. BORING DATE: January 21, 1992
. {
DRILLING METHOD: llollow stem auger ENGOUNTERED WATER: 7.5 Ft, 17 fc¢
WATER ON GOMPLETION: H/A
SURFACE ELEVATION: WATER AFTER UHRS . H/A
D S T S
E A k4 Y DRY
P M P M SOIL STANDARD PID UNIT
T P oS B DESCRIPTION PEN. RESULT [WEIGHT | PL WG LL
t L & '
(Fr) | E L blows/61n. (ppm) [ (pecE) | (%) ()| (®)
— _‘éff FLLL: Gravel (l2")
o
— 1 fgt; FILL: Black oil stained sand| 9-6-2-1 0
AR with slag
5 §2§
— 2 573 FILL: Slag and gravel 1-7-8-3 14
%A
SIS
- 3 Hedium dense gray SILT with 5-8-8-4 0
10 — black staining (ML)
— 4 Stiff brown lean CLAY with 3-5-6-8 )
I3 . ray silt seams (CL)
| | BT
—{ 5 Sofr gray lean CLAY with 2-2-2-4 0
20 gray silt seas (CL) '
— 6 "{_E Hedium gray lean CLAY 2-3-3-4 0
25 Nl with sand (cL)
— 7 :-h l.oose brown fina SAND with 8-9-3-2 0
30 organics (57)
— 8
— Havd LIMESTONE 50/0 0
35—
| Auger Refusal at 31.5 ft
640 — ]

ADM-2 (89)
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LABORATORY LOG OF BORING MNUMBER: B-3 PROJECT: USCG Base St. Louis
CLIENT: United States Coast Guare ! BORING DEPTH: 32.8 fr
LOCATION: Foot of lrou Stvreet, St. lLouis ilo. BORING DATE: Januavy 21, 1992
DRILLIHG HETHOD: Hollow stem augev EMCOUNTERED WATER: 17 ft
WATER ON GOMPLETION: N/A
SURFACE ELEVATION: WATER AFTER HRS.: N/A
D S T S
E A Y Y DRY
P M P l SOIL STANDARD PID UNIT
T P L i¥ DESCRLPTION PEN. RESULT |[WEIGHT | PL WG LL
i L 0
(fey | E L blows/6in. | (ppm) | (pcE) | (%) | ()| (%)
O _
—] e\ 1Y Asphale, 37 Concrete
— 1 Ly , 6-6-7-23 0
:4d FILL: Sand with slag stained
burry -
5 ; g°d3,\ black . |
— 2 0*qs} FILL: Slag and gravel 6-9-11-12 0
‘\.foo
00‘73
UNe
— 13 \ 9-3-2-4 0
10 .
—
— 4 FILL: Slag, sand, and clay 6-11-10-5 0
15 :
— 5 Loose gray STLT 5-3.3-4 0
20- (HL)
— 6
25 Madiwnm sCiff brown lean CLAY [ 3-4-3-6 4]
— with gray silc seams i
—] : ALCL)
— 7 Hfedium brown sandy lean CLAY h-b-4-4 0
30 with organics '
-] (CL)
5 tard LIHESTONE 50/0 0
35—
— Auger Refusal at 32.8 ft
]
40 —
ADM-2 (89) EDP COMSULTANTS, INC.




LABORATORY LOC OF BORING NUMBER: B-4 PROJECT: USCC Base St. Louis
CLIENT: United States Coast Guard BORING DEPTH: 35 ft
LOCATION: Foob of Iron Street, St. Louis Ho. BORING DATE: Jauuary 22, 1992
i
DRILLING METHOD: {lollow stew auger ENCOUNTERED WATER: 9.5 ft
WATER ON COMPLETIOM: N/A
SURFACE ELEVATION: WATER AFTER HRS.: HN/A
D S T S
E A N4 Y DRY
3 M r M SOIL STANDARD PID UNIT
T P 08 B DESGRIPTION PEM. RESULT {WEIGHUT | PL WG LL
u L 0
(ft) | E L blows/61n. (ppin)y [ (pcE)y | (¥){ (%) | (%)
—~ {Xf?ﬁ. FLLL:  Gravel (12%)
A
— 1 ‘,,0 Fill: Black stained sand 5-6-5-4 25
with slag
5 ',.‘:
~| 2 et l-4-2-1 40
~ 3 X FILL: Slag and gravel, oil | 11-11-11-| 90
10 stained, solvent odot -20
— 4 Loose brown medium SAND, wet | 3-3.4-5 175
15 : (Sp)
— Loose gray iean CLAY,
— i chlorinated solvent odor
— (CLY
— 5 j,'-_;: Loose pray sandy SLLT 3-4-5-5 70
20 i Y (ML)
— i
— 6 o
25 3-3-5-6 5
— 7 Loose gray SILT, with wood 2-3-3-4 9
30 fragmentcs, creosota odor
- (+iL)
-8 J /Hoderat:_e]_y hard wesatherad i )
35 Jeaé‘é LIMESTOMNE 36/6 0
— .
— Auger Refusal at 35 ft
[}O—-J !
ADM-2 (89) EDP COMSULTANTS, INC.




LABORATORY 1LOG OF BORING MUMBER: B-5 PROJECT: USCLG Base St. Louis )
CLIENT: United States Coasc Guard BORING DEPIH: 33.5 fu
" LOCATION: Foot of ILron Scréet, St. Louis io. BORING DATE: January 23, 1992
DRILLING METHOD: Illollow stem auger ENCOUNTERED WATER: 18 ft
: VATER ON GOMPLETION: N/A
SURTACE ELEVATION: WATER AFTER HRS.: /A
D S T S
£ A Y Y DRY
P M P hi! SOIL STANDARD PID UNIT
T P o B NESCRIPTION PLEN. RESULT [WEIGHT [ PL W_C | LL
i L 0 . .
(Fe) | E L blows/6in. (ppm) | (pcE) | (%) (%) (%)
— if\\L” Asobialt, 3" Concrvéta
— 1 FILL: Slag and gravel 3-9-3-3 5
5
—f 2 3-3-3:4 6
— 3. ?:' FiLl: Slag, sand, and gravel | 7-30/6" 6
10 5 o]
— 4 il FULL: Bricks, slag, and sand | 3-6-9-18 | 6
15
_ S
— 5 52/6" 5.
20
——ﬁ 6
25 50/1" 2
— 7 50/5" i
30
—\8_| Moderately hard weatherzd o
35— LIMESTONE 20/4" 0
:‘ Augar Refusal ac 33.5 ft
L0 —
———d |

ADM-2 (89) EDP CONSULTANTS, THC.




LABCRATORY LOG OF BORIMG NUMBER: B-6 PROJEGT: USCG Base St. Louis
CLIENT: United States Coast Guard BORING DEPTH: 25 &
LOCATION: Foot of Ivon Street, St. Louls Mo. BORING DATE: Januavy 23, 1992 ;
DRILLING METHOD: liollow stem auger ENCOUNTERED WATER: 22 [t
WATER ON COMPLETION: /A
SURFACE -ELEVATION: WATER AFTER HRS.: WN/A
D S T S
E A Y Y DRY
P M P M SOIL STAMDARD PID UNIT
T P E B DESCRIPYTLION PEN. RESULT (WEICHT | PL Wc LL
" L [$]
(ft) | E L blows/6in. | (ppm) | (pcf) | () | ($) F (3)
— y%ﬂg 6" Topsolil
T4
AL - .
— 1 -m$%5 FILL: Slag and gravel 10-50/6 0
: )
2%
> é%‘/.g
— 2 ol(y S0/1" 0
lgéf’
ot
3 U SQ /6" 0.
10 fe20 /
] °f
- P 0%
f_}
—a "%o: ' 50/1" 0
15 o b
— Cotlo
B $4.03
i
— 5 ‘oa'p%; 50/1" 0
20 B\
oy g O
— angl .
B )
— 6 Su Medium dense gray SILT with §-12-9-8 0
25 gravel, strong organic odor
-] \ (4L)
30 —
35 -
—
40 [
—

ADM-2 (89)
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LABORATORY LOG OF

BORING

NUMBER: B-7

PROJECT: USCG Base St. Louls

CLIEMT: United States Coast Cuard

BORING DEPTH: 25 fu

LOCATION: Foot of lron Street, St. Louls Ho. BORING DATE: January 24, 1992
DRILLING METHOD: lollew stem auger ENMCOUNTERED VATER: 19.9 ft
. : WATER OM COMPLETION: H/A
SURFACE ELEVATION: WATER AFTER HRS.: /A
D s | T |s
E A b4 Y DRY
P M P Hf SOIL STANDARD PID UNIT
T P L B DESCRIPTION PEN. RESULT |[WEIGHT { PL WG .| LL
H L (O3
(E) | E L blows/6Lu. | (ppm) ) (pcf) | ()| (%) | (%)
{AY]
— RN a'\\j" Concrate, no base
g
R
-1 &, FILL: Gravel and brown lean | 50/6" 0
Dgf clay
5— X 0 .
— 2 &?ﬁ' FILL: Bricks, slag and glass| 9-5-10-9 0
T
\”f:'u\; .
—{ 3 Y¥' "FLLL:  Slag, sand, and clay, §-9-9-156 0
10 i sulflur odor
. A 3-6-7-6 0
15
— 3 12-9-6-7 0
20
— & Gravel and loose black | 9-6-8-3 50
25 Silet, strong organic |
— odovr
30 —
35 —
40 —|

ADM-2 (89)
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LABORATORY LOC OF BORING NUMBER: B-8 PROJECT: USCC Base St. l.ouis
CLIEHNT: United States Coast Guard BORING DEPTH: 25 Ft
LOCATION: Foot of Iron Street, St. Louis HMo. BORLNG DATE: January 24, 1992 )
DRILLING HMETHOD: lHollow stem auger ENCOUNTERED WATER: 18 fc.
VATER OM GOMPLETION: M/A
SURFACE ELEVATION: WATER AFTER HRS.: /A
D S 't S
E A Y Y DRY
P M B H SOIL STANDARD PID UNIT
T P E B DESCRIPTION PEM. RESULT [WEIGHT ; PL WC | LL
t L 0
(fe) | E L. blows/6Llu. | Cppm) | (pcf) | (%) | (3) | (3
— ?}% 3" Asphalt and concrete, 8"
s, ase :
~— 1 oj'*@ FILL: Slag and graveal, n-20-50/5" 0
‘3,%‘_3 sulfar odov
S P )
- 2 0 4-5-5-15 | ©
oy
Fodnd
— 3 B } 9-10-8-56 0
10 T FILL: Firmm veddish byown
-] A fine sand
— I3 '
530 .
¢ 8 x4l FILL: Slag and gravel, 5-8-4-7 0 {
15 oY sulfur odor ’
— o o
- e ol
X,
— 5 ' 4-5-10-10| 0
20 0
_ %
-6 Loose gray SILT, wet (L) | 2-2-2-1 0
25 i
o \
30 —
-
35—
40 {

ADM-2 (89)
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LABORATORY LOG OF BORING MUMBER: B-9 PROJECT: USCG Base St. Louis
CLIEHT: United States Coast Guard BORING DEDPTW: 25 f¢
LOCATION: Foot of Tveon Streern, $t. Louis Ho. BORING DATE: Januavy 24, 1992
DRILLING METHOD: Hollow scsm aupger ENCOUNTERED WATER: 7 ft, 21 ft
— WA'TER OM COMPLETIOH: {i/A
SURFACE ELEVATION: WATER AFTER HRS.: N/A
D S T S '
E A b Y DRY
P M P M. SOIL STAMDARD PID UNIT -
T P E n DESCRIPTION PEM. RESULT [WEIGHT | PL WG | LL
" L 0
(Ety | E L blows/6in, | (ppm) | (pef) | ()| (3)] (%)
— A Concuete
— 1 A FILL: lard brown and gray 12-24-11-8 0
S\ lean clay with slag
5 AN FLLL: Fivw brown [ide sand .
— YA . 6-10-7-7 | U
{:ﬁa FILL: Brick fragments, slag,
,iﬁﬂ black staiungd samd
— 3 L 2-3-18-12 | 40
10 i) '
Ay ¥
- 1ﬁ*
— 4 FILL: Slag and gravel, very | 8-32-19-9 150
15 strong solvent
— odor
s 50/6" 300
20
— 6 “} FILL: Sand, slag, gray clay, | 18-19-35 300
25 A and brick fragments 50/3"
p—
30—
—
¥5 —
—
40—

ADM-2 (89)
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LABORATORY LOG OF RORING

MUMBER: 0-10

PROJECT:

USCG Base St.

Louis

CLIENT:

United States Coast Guard

BORING DEPTH:

20

e

LOCATION:

Foot of Irorn Screet, St. Louis Ho.

BORING DATE:

January 25, 1992

DRILLING METHOD: Hollow stem auger ENCOUNTERED VATER: L5 {t
WATER ON COMPLETION: M/A
SURFACE ELEVATION: WATER A¥TER HRS. ¢ H/A
D T S '
E n Y b bRY
P M P H SOIL STANDARD PID UNIT
T P E B DESCRIPTION PEN. RESULT {WEIGHT | PL We LL
H L 0 :
(ft) | E L blows/6in. | (ppm) | (pcB) | (B) [ (%) | (%)
— T§QQ\\3" Concrele
° '.,0'.
— 1 vl FILL:  Hedium sand and gravel,lO‘L2‘13' 0
76 P stained black -16
5 A N
— 2 2wl FILL:D Bricks, slag, and 507 6" 6
A3 hlack stained sand
-3
10 o 4-4-8-8 - 4
— 4 &:ZE FrLL:  Slapg and foundry sand 27-35-12- 7
15 e -8
i “i{ FILL: Sand, slag, loose gray| 7-6-4-6 12
20 e Sile, wet, with sulfur
~— \\_; odor- L
25—
30—
—]
35—
—]
40 — :
ADM-2 (89) EDP CONSULTANTS, INC.




LABORATORY 1.OGC 0OF BORIMNG NMUMBER: B-12

PROJECT:

USCG Base St.

Louls

CLIENT: United States Coast Guard

BORING DEPTH:

20 ft

LOCATION: Foot of [ron-SCreeﬁ, St. louis Mo,

BORING DATE:

January 29, 1992

DRILLING METHOD: Hollow stem auger

EMCQUNTERED WATER: 10 ft
: UATER ON COMPLETION: N/A
' SURFAGE ELEVATION: WATER AFTER HRS.: H/A
D Sy i 5
E A Y ke DRY
P M P M SOIL STANDARD PIiD UNIT
T P E B DESCRIPTION PEN. RESULT |[WEIGHT } PL We LL
H I 0
(fey | E L blows/6in. | (ppm) | (peEY | (3] (%) | (¥)
—] lggﬂm\kIZ”_'ftnﬁsnnll
~ 1 ol FILL:  Brown sandy clay 3-3-3-2 0
3=
— 2 FILL: Brown sand and gravel 2-2-2-2 0
3 12-7-3-2 | 0
10
—1 4 1 FLLL:  Brown medium sand 3-4-7-7 - U
15— N
— | tedium dense gray sandy SILT
— (+L)
— 3 3-2-2-4 0
20 —4——H
25—
P
30+
35 -
40 — |
ADM-2 (89) EDP CONSULTANTS, ING.




LABORATORY LOG OF BORING NUMBER: B-13

PROJECT: USCG Paszs St. Louls

CLIENT: United States Coast. Cuard

BORING DEPTH: 20 f¢

LOCATION: Fout of 1ifan Street, St. Louis Mo.

BORING DATE: January 29, 1992

DRILLING METHOD: ilollow stem auger

SURFACE ELEVATION:

ENCOUNTERED WATER: 20 ¢
VATER ON COMPLETION: HN/A
WATER. AFTER HRS.: H/A

D S T S
E A Y Y DRY
p M P o SOIL STANDARD PID UMIT
T P X B DESCRIPTION PEN. RESULT [WEICGHT | PL WC LL
u L 0 _
(Fe) | E L blows/6im. | (ppm) | (pcf) | (3) ] (3)| (%)

— 12" Topsoil

— FILL:  Brown sandy clay

— 1 , _ 4-6-4-9 0

wofbis FILL:  Medium sand, stained
gk ¢
3= qxgk\, black
s N FLLL:  Blue foundry stoue, 2-1-2-5 0
sand, and clay

— 3 Hedium densé giray STLT with 3-2-3-5 0
10 organics

~— (ML)

—1 4 SCLFE Lrown and gray siltuy 3-5-7-Y 0
15 CLAY o

— (CL-HL)

~T 5 : Hedium brown sandy SILT 2-2-31-2 0
20 AL (ML)

ro
w

450 —

ADM-2 (89)
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LABORATORY LOG OF BORING NUMBER: B-14 PROJECT: USCG Bdase St. Louis
CLIENT: United States Coast Guard BORING DEPTH: 35 fc
LOCATION: Foot of Ivon Strest, St. Louis Ma. BORING DATE: Januarvy 29, 1992
DRILLING METHOD: Hollow étem auger ENCOUNTERED WATER: 19 fc
: VATER ON COMPLETION: /A
SURFACE ELEVATION: ) WATER AFTER HRS.: N/A
b S T S
E A Y Yo DRY
P M P M SOIL STANDARD PID UNIT
T P E 3] DESCRIPTION PEN. RESULT |[WEIGHT | PL WC | LL
H L QO
(EeY' | E L blows/61in. | (ppm) | (pef) | (3D (¥) | (%)
— R 12" Topsoll
— L FILL: Brown lean clay, ceal, | 10-14-13- 4
sand, slag, and blue -18
5 foundry stoné
— 2 50/5" 7
-3 £-10-4-5 g
10
— &4 b-G-4-5 0]
13
— 5 y '{//Hedium dense gray sandy SILT 7-8-6-4 0
20 with organics
_ (ML)
L P 4-5-7-5 0
25
1y 9-33-17- 0
30— -10
—\8 ‘:Fit:ﬂoderacely havd LIMESTOMNE 50/1" 0
35— .
— Auger refusal at 33 ft
Hno —

ADM-2 (89) . EDP CONSULTANTS, INGC.




LABORATORY LOG OF BORING

MUMBER: B-15

PROJEGT:

USCG Base St.

Louls

CLIENT: United States Coast Cuard BORING DEPTH: 20 fu
LOCATION: Foot of Iron Straet, St. Louis lMo. BORING DATE: January 29, 1992
DRILLING METHOD: l!lollow stem auger ENCOUNTERED WATER: HNO
WATER ON COMPLETION: H/A
SURFACE ELEVATION: WATER AFTER HRS.: N/A
D S T S
E A Y Y . DRY-
P M P M SOIL STANDARD PID UNIT
T P E Iy DESCRIPTION PEN. RESULT [WEIGHT | PL We | LL
| 1 [§)
(Et) | E L blows/64n. | (ppm) | (peEY | ()| (%) | (%)
- ﬁgyﬂ\\ii'fupsnil
— 1 iwg) FILL: Brown lean clay, coal. | 40-20-32- 5
sand, slag, and blue -35
5 foundry stoue
— 92 . 23-106-7-8 0
FER{N
— 3 Aan FILL: Slag and bLlue foundry 6-50/3" 7
10 430% 0 staone
] (Aol
— 4 D‘?ﬁ 19-17- 0
15 AN -50/3"
] q%:d
_ E?fﬁ
”P ’
— 5 & 50/3" 0
20
25—
30 —
35:ﬂ
—
40 —
ADM-2 (89) EDP CONSULTANTS, INC.




LABORATORY LOG Of BORING MUMBER: B-1l6 PROJECT: WUSCG Base St. Louls
CLIENT: United States Coast Guard BORTING DEFTH: 20 (¢
LOCATION: Foot of Jron Stredt, St. lLouis o, BORING DATE: January 29, 1992
DRILLING METHOD: lMollow stem auger ENCOUNTERED WATER: 12 fc
WATER ON COMPLETIONW: #/A
SURFACE ELEVATION: HATER AFTER HRS .+ /A
D |8 {|{T s
E A Y Y DRY
P M1 F s SOIL STANDARD PID UNTT
T P E B DESCRIPTION PEN. RESULT {[WEIGHT | PL WG LL
i L 0 1
(Et) | B 1. blqws/éiu. (ppm) | (pef) | ¢E) | (3| (%)
— : '.1\“ Concrete
— 1 1 FLLL: ‘Sand, slag, and blue 6-5-4-6- 0
: fouudry stons
5— .
— 2 AR 36-11-6- 0
X -16
83 .
— 3 FILL: Slag and blue foundry 50/% 7
i0 stoune
: oo
N
— 4 Al £-2-5-10 20
= b4
15 4 [y
| 2 il :
n ‘; FILL: Slag and loose gray
zma silc, solvent odor
’ vy .
— 5 Eyp 11-20-12-7 200
20 —\f
25—
30—
33—
—I
40

ADM-2 (89)
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LABORATORY T1.0G OF BORING MUMBER: B-17 PROJEGT: USCC Base St. Louis
CLIENT: United States Coast Guard BORING DEPTH: 32.3 f¢t
LOCATION: TFoot of fron Strveet, St. Louis lo. BORING DATE: Januavy 29, 1992
DRILLING METIOD: Hollow stem auger ENCOUNTERED WATER: 13.5 ft
WATER ON COMPLETION: H/A
SURFACE ELEVATION: VATER AETER HRS.:  H/A
D S T 5
E A Y Y DRY
P M B SOIL STAMBARD PID | UNIT
T 4 E B DESCRIPTION PEN. RESULT JWEIGWT | PL We- LL
t L. 0
(fey | & L blows/Sin. | (ppm) | (pcE) | ()| (5 | (®)
— }b?@\\J" Concrete
N .
— 1 ;‘X FILL: Clay, sand, and 10-50/6" 2
N} gravel
3 H
— 2 oty 18-18- 3
¥: soza
i
— 3 %%ﬁ FILL: Slag and blue Foundry | 10-6-5-2 | 11
10 ipn stone
—] g
e
— 4 FILL: Slag and loose gray 1-3-2-4 5
15 Silt, solvent odor
—1 5 Loose moist gray SILT 2-2-3-3 0
20 (ML)
— 6 2-3-3-4 0
25
-4 1-2-2-3 0
30
—18 / 50/1" | 0 ;
&L@L Hard LIMESTONE
7 1
35— -
— Auger Refusal at 32.3‘rt
i
40 —
-

ADM-2 (89)

EDP CONSULTANTS, ING.




rlush tount Protective
,/ Cover

Concrete '

9

D SNIN NN NP

L

N\PT

NN

1

Cement-Bentonite Grout ——e | +—15! PYC Riser

Bentonite Pellet Plug —e_

WA

Sand Backfill ————— __ |", _l= 10" PVC Screen

MONITOR WELL CONSTRUCTION DIAGRAM

S MW
USCG Base St. Louis
St. Louis, Missouri
EDP Consuitants, Inc.
February 12, 1892

it
w

Scale: 1"




/Plush_ Mount Protective

Cover

P
%]

AZZNONNN DS

Cement-Bentonite Grout —e ]

Bentonite Pellet Plug-—m—— |

7NN SN NNNE

Sand Backiill —————= is= 10"

|ls—Concrete

=—~17' PVC Riser

PYC Screen

MONITOR WELL CONSTRUCTION DIAGRAM

MW-5
USCG Base St. Louis
St. Louis, Missouri,

Scale: 1" =5

EDP Consuilants, Inc.
- February 12, 1992




Cement-Bentonite Grout ——e_|

Bentonits Pellet Plug——x_

Sand Backfill—2——-."

Cover

/{/,Flush Mount Protective

)
o}

AANNANANE;

__'r“l:)'

SRS

DN

WA
-"?b{/q

10"

Jx—Concrete

PVC Riser

BVC Screen

MONITOR WELL CONSTRUCTION DIAGRAM

MW-7
USCG Base St Louis
St. Louis, Missouri

EDP Ccnsultants, Hinc.
February 12, 1992




Cement-Bentonite Grout —— |

Bentonite Pellet Plug— !

Sand Backiill— =———

SO AN

707NN NN

4
L

\\I A.;:

Flush Mount Protective
Cover

l— Concrete

13' PYC Riser

10" PYC Screen

MONITOR WELL CONSTRUCTION DIAGRAM

MW-8

USCG Base St. Louis
St Louis, Missouri

Scale: 1" = 5

EDP Consullants, Inc.
February 12, 1992




-//,FlUSh Mount Protective

Cover

\

B

SN NN

Cement-~Bentonite Grout——__!

NN NNNE:

%7 NN
RN

Eentpnité Pellet'Pluq————ﬂ__g_

Sand Backfill—= S S 10!

W — .t~ Concrete

= 15'" PVC Riser

PYC Screen

MONITOR WELL CONSTRUCTION DIAGRAM

pMW-8
USCG Base St. Louis
St. Louis, Missouri

Scale: 1" =35

EDP Consultants, Inc:
February 12, 1992




Flush Mount Protective
~ '
Cover

s~ Concrete

P
aQ
{

172289000 SN

ot

[.

13' PVC Riser

Cement-Bentonite Grout —__|

2N NN

Bentonite Pellet Plug —— |

sand Backiill ————7. - 1=10"' PYC Sereen

MONITOR WELL CONSTRUCTION DIAGRAM

MW-11
USCG Base St. Louis
St. Louis, Missouri

£DP Consultants, inc.

Scale: 1" = 5 February 12, 1992




FIGURE 3: CONTQUR MAP OF ESTIMATED GROUNDWATER ELEVATIONS

USCG Baze St Louis
St. Lauis, Migsouri-

Contour Interval: 1 foot
Approximate Scafe: 1* = 60’

EDP Consultants, Inc.
March 5, 1992




FIGURE 2: CONTOUR MAP OF ESTIMATED BEDROCK ELEVATIONS

USCG Base St. Louis
St. Louis, Missouri

EDP Consultants, Ing.

Contour lftenval: 0.5 fept March 6, 1092

Approximate Seale: 1 ~ {0°




